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vWhat is Artificial Intelligence $15 I U 

<s_)c. Uij ^o"i ^c.1elSUll i.-* 1 >.-> John McCarthy ^jjl£La ijj^- ,yLiy^n ^ll*JI jyi*j 

t "the science and engineering of making intelligent machines" ji CjVVI AX-Ua^i “LujJuAj ^Ic. AjU 

.‘CiSill CjWI pLijl $ V^j i—jj)ml*s 11 £-j3 jA jl .<j£ill i-jyjtaJI ^ 1 **»1 ~sj 

i_jl^AVI oj^sil 1 nl*nn ^1 ni-sII «yJl sjlijc.1 (jS-ajj t<s^j Ai^y ^ i».^>j qy Intelligence e-tSillj 

.i_Sj_)*j]I IUa (33j tdlWI (_pa*Jj Cjljljjs II lilliSij (j-o CjUkjjJI I. ill's .a (jjoUJl tljl^a. (^o ^JljtJil 

11 g l-a i_U^jtj i^ya jj£U ^r. 1 ’il-». ^VI tlSUI l_Uj*j ^jlaHuU Ujl US 

computational <jjUUa.VI k 3l-a ill aU 'A'i, J J^U>. ^ja A_uAill djlj^all AajiIjj _ja Al ^£.Ul=u*aVI «.lSill • 

.models 

Cll3_j]l ^3 (JjJa9l (JSnil (jLuuVI «.UaaiU ^_j3j i_i±uilIjaJI (Jxa. A ;US -UuiljJ _jA Al ^C.1 iI-u.-iV 1 c-lSill • 

.JUJI 

ja ^SUl JjaxSI J l1u=. intelligent agents ^USiVl cX«JI My j* Al ^Uk^VI ^ISill • 

.Ail-lAi ^ A^.Uu A_^aj3 (j-o 3jjj VUil ^JAjj AjIu i3Jj3j 

: Definitions UjILjsu 

Jai u <> cjlLjau <cjaa- 4 Uij t SjjslU UjILjsu <U Artificial Intelligence (Al) ^UkuaVI flsUl 


:textbooks LjUSll 


(_Ut£ JA.'J tjjkc. U_ia ciiVi... jSiij c_iiuiljaJI J*J AAa. a (a) 

Ac. U,«a JUa tJ*UL) plSUI -lajjj 4 Acajl' 

"... U*Uij t_U nl^lii l_Uj djljljill 

'The exciting new effort to make computers think .. 

machines with minds, in the full and literal sense' 

(Haugeland, 1985). 'The automation of activities that we 

associate with human thinking, activities such as 

decision-making, problem solving, learning ' (Bellman, 
1978) 

J ~ A1 AcAUI (b) 

lUl^pyl ^jS-a>a]l (_)*l5^ A_Ljj^UI U-uljJl . 'A jjl. V1 

J l‘ 

"The study of mental faculties through the use of 

computational models' (Charniak and McDermott, 
1985). 'The study of the computations that make 
it possible to perceive, reason, and act' (Winston, 
1992) 

LaAjc. l - liLajj i, ajUaj J)^lj dlV 1 ^Laijj jA" (G) 

/jl /jl . \ £^aj ^LljJul UatStl i_LLail^UI A jiuS Aj-uij^ ^A 

■ .aM _’Ai ': •' ^. 

'The art of creating machines that perform functions 

that require intelligence when performed by people' 

(Kurzweil, 1990), 

"The study of how to make computers do things at 

which, at the moment, people are better' 

(Rich and Knight, 1991) 

al£l*. ij ^jl]l AjjjIjJ jA (d) 

^aJ^J 1_1 jjjUJI y t"AjjLuia. t" jl jl AC. 

^r/'V, A-LajU 

'A field of study that seeks to explain and 

emulate intelligent behavior in terms of 

computational processes' (Schalkoff, 1990) 

'The branch of computer science that is 

concerned with the automation of intelligent 

behavior' (Luger and Stubblefield, 1993) 
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:£)i AjjLaiSI CjlLjSull 

: JLujVI (jl\ ij* CiILjsuJI . \ 

cjla£)*j (_g^3 (^)j(^) ls^ lilii Laiu treasoning ..iilb a ql»'i.a cjU£)*j ^a (b)j(a) dAL^aHll 

.behavior dl^Ub J&\ 


:jLuui1 (jl) £y* ulLj&l!! . \ 

(b) (joaJI cAL^iH tSltj Uiu (human performance I *taVl ^Uill ( a ) j ( c ) ^ clUj^HI 

.rationality ^illj <d£ill ^Jliall ^j^Lal! L^uaia (d) j 

l)*a; (jl£i lij rational Lubtic. ^Uajll (jjSL '-a J-i-'.bLa 

intelligence fLiill 


.mental processes 4_iiAill ci J-aall (Jamu pl$-aj .Lujpa <j£Jj iaJ i_l^u 4x.l_n.-i t _ m 1^11 ^j^ia ja UaLoil LaSi 

:\j£j l£jlui oljjiic.1 (jljjaJI jl tgj dials jlj SjIc. (jUjuVI 1^-pjJ t _ s all 4aiidal! 4_iiAill dlLiIaaJI Jl£dV Alia! t _ 5 L lajS 


diddl Ja Solving problems 
i Classification 

sljidVI Induction 

((jaUJl) ddUll *Uj building analogies 
lajjLl I Ailll ^JUa language processing 

'jjj£ dialj 4i_)jta]l 


p UVI Creativity 
-LlaiVl ^—aUiaSt pattern recognition 
fJajll Learning 
jrtudVI Deduction 
a1J)1\ Optimization 

knowledge and many more. 


:l^ia aI iida jj^aj ^ill dljUl j^kj intelligent Behavior ^Ul d>L*!! 


Perceiving one’s environment. 


4Tint (jjl£l! lilljjl 


Learning and understanding from experience. 
Knowledge applying successfully in new situations. 
Communicating with others, and more like. 

Acting in complex environments. 

Reasoning to solve problems and discover hidden 
knowledge. 

Thinking abstractly, using analogies. 

Creativity, Ingenuity, Expressive-ness, Curiosity. 


i—Jjlaall (ja p^illj pl*il! 
dlVlik ( _ s Ic. dajljLa]! 

£a Ja-aljjll 
oSixal! dlliu]l ^ (JailI 

4 _idal! Ai^jxall i_a' /iii^lj (JjLuiall (JaJ jj ■'ll 

^'iykUa]! JJC.^ 
(jjLill p!.liiiui!j S^-sall 

... JjjJaall (j_m~ill j^ic. ajSall (Ax-IjaII 4^-IajVI 


:Understanding AI ^UkuaVl fliill 


dVjUill AjI^.] *_a^)*j (jl ^^1 ^C.1 I 4j_j*_ia3 (_£Sa 4i_)xa (Ja.1 (ja 


Astored represented Igl /iin pjiij knowledge 4ij*al! UuS 

Ajjj^CU learned Aakij intelligent behavior ^£ill AjLA\ ^ i_i£ 
Apriorities jj^Ij emotions ^iLUlIj motives jaUJI Jia luil ciljpk jjl^j p iVn .ri 

A symbols j^aj ^1 sensory signals a+^\ oJUVI Jjjai 
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plan LijkVillj t^^iaLalb TSaSOn a_jliuii ^3 (Ja.1 i^ya i a 4jqJ-i i.a ajj > ^->1 <aJLua l_SjS 

? (JaiLa^all 

belief illusion ^11 Jl» ^Lkyi phenomena jAljkll j-Lj] elSill mechanisms oUT ^k L .n UuS 

?love kindness a \U*\\j dreams fear aJj^JL, hope 

:Hard or Strong Al t«iLall jl ^jill ^UkuaVl f ISill 

replicate ^^Sill (jL^uVI ji^Sj <j! ^jWnnj ^1 <L.^>1 C.ISL eLk! ^11 *_s-i^j ^c.1 ilnky I «.lS.il! Cj_ 5 ^»j <jU t^lc. JSrin 

>. :, n^ i *lSill (J*u> jl a_jji£ (jjll 3 JV! ^ ^jal! ^ULu-aV' elSill (jllajj .UUj human intelligence 

i^ya La t^l (jjSjj t“La 3 _)*-al! 4 _iikJ! tj.n (JLaC.LM £y a £-“i!j (jUaj (_jaalajj ijjLuijL/l (JLaC .1 jiao! ^^lc. ajjlS (j_j£ls 

<jaj*-a Cj!j^ 41 oVT (jll i_iLall jl ^jill ^.Uk^YI elSill .self-consciousness CjlilL jj*Jil! 

.AjpJI CjILISII jc. a a LV i V intellectual ability 
:Soft or Weak Al OaiiJI jl <^jJ! ^UkuaV! flSil! 

t^al^-a LI \'\'\ 1 i.V j! <1 Lul« (Ja. _jLau] j! kaljk Software Cli! i-v ^jall ^l-isLiuil ^^Ic. (_jlki a i;q-sll ^c.1 iLk.-iL/' a-lSiil! 

.human cognitive ^jLkyi a_ij*k! oljk <Ja.jj V k 

.Deep Blue j jjgrM! Infill ^^alj^j iJLLa 
i^LuuV! i—i_)*al! Cjljk (j^ jjjS t5^a jgLi 1 tself - awareness aiililL ^^cjlL V a i^-sl! ^r.i<1—■.^-.v' ^ISil! 

- ~ ~ ^ ^ JilL^a 'J-. . ji._ U.l>^ a-lSi j&j 

Cognitive Science Lijsull pjk. 

4 _ul nn*\VI ^iLajll ^InVnul (JLli. ^ya . mind (Jkl! (JaC. <ai)Sj AlklLall afjL^laj]! ^nVij i_sLuoSiuilj jjjkj i_S-l^j 

Lulj V ^Sill aSjU! J t ^aV! alu^. lJl£ jSIj takiaj La ^yA l^ja ^li t computational models 

.intelligent manner ^£i ^LjJ! J a j-> j 
^l*jj a_ml ^3 jLul! ^jc. (Jjlal! !g iSl t0^.L (JSaij (_La*j Chess programs ^cjjLi.'Mi ’aSli (J^° 

. ^OjLi 
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Goals of Al ^Um!II 45 jJI alAAl 

11 g 4*1 ^LoaII i^ya i ilj&l 4 j(_jjI Li] ^Jaxj A q]"|-s .all ^C.1 ~1 l-i . 1 e.l£ii]l (jl 


1. Systems that think like humans. 

. ^jLuijV 1 (_jLa ^3Vl. ) 

2. Systems that think rationally. 

. (jlilac. (Jkij jSiu ^kj . Y 

3. Systems that act like humans . 

.(jLaljVl .V 

4. Systems that act rationally. 

. ^j^Lac* (jSuun . £ 


I^till (JjiaJi Lgj JafjjJ dll i-Ng i.a 4jujl ^3 oi_j2>._^o <ajLuill i_sI.1aVI ^i-a^. t^g,\i]Vi 



Human-like 

Rationally 


(jtuuVI Jl» 

Ljvtic 

Think 

(1) Cognitive science Approach 

(2) Laws of thought Approach 


l_j^*jll ^ jlc. A 

jkaill (jjjlj3 a ^ u 

Act 

(3) Turing Test Approach 

(4) Rational agent Approach 

Jaill 

jlik-l Ajaai 

^^kLaatll (JjAStll A l-Ng M 


:4Jaa£La 

.(£) J (Y^ Q jij-sg 1.all ^^cliLu^aVI elSill JLaC.1 1—llc.l 

:General Al Goal ^lik-aVI flSill 5-»bdl LilJAVI 

. I.~l la ) UiA (Jljj V I I elSill jljk . ^ 

.^Sjjuall 4j9jfLall ^Lg-all A K .« ^ (_Jjk 

.action Jaillj perception dlljiVI j# intelligent connection Jldil Jac. .V 
. ^jaiLsJI i »\ -> llj ^LuiiVlj t^LuiiVI ^LuiiVI (JL-aLjVy(J c -tai]l Qua Vi . £ 

:Engineering based Al Goal ^UkuaVI flSill ljIjaS S-kkAll ^uulfll 

^ t intelligent machine ajS^I dVVI eliil dllinlajj ^oaLLo jj_jki ^JiI ^aII ^... i'ig II ^-jall Ik ^.»..mij 

.system building ^kull *lis ^ jkjUl 
.Science based Al Goal ^likuaVI flSill lJIjaI .lakall ^jkll 
dljUl ^ Jl vocabulary ^il dtajiAj mechanisms dUTj concepts ^Ik jj^ki J] ^kll Ik 
.intelligent behavior ^ill dljUl ^ jkjHI ^ 4 biological intelligent behavior ^1 
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Al Approaches 

J& ,a*i*ij tcomputational model (J.uia.VI J^aJI 4 _ilaAl Jjikl 4 Jcu*I_jj 4_jj*l ILLui lAljJj Jill Cj' i-sg j*ll 

. l^lc. Jjj (_£.j]l Jail! c-U 

:Cognitive science : Think human-like ^L-JVI Jl# jAaUI :<-ij*UI ^Jc. (l 

l^juo oVVI (jl (J*j IjAj t computers think jia* ^j,.-A jj.^. jjg (Jc. -^*1*1 4 i-sg j* (_^a 

1 ,A-»jt Jajl 4 I/O Cj!^ ■v'ullj cJJuJI Jc. Jaas 4 i-Ng i*ll j£J Vj 4 (J_JII Ji».*11j jl J£JI Ji».*11j 4 Jac. 

4_n*j liljiu ^llil Jl iaaa i—a^j V csAi ‘JIj-AI Jc. Jl jjj, <^-a t reasoning process ja^aill JLc. Jl 
JiJ 4 j,;uiaill JLc. Jl J£j JJI CjIjJoSJI 4 . 1 , Amu* j-lljj Jl LiJ 4-j^ Jj 4 human-like behavior (jL*j)/lj 

. ^1 g *11 (j*aj Ja.1 (j* J-upV! I g » i\; Jill CjlJaaJJ 4jl_uj* 

:Laws of Thought : Think Rationally aJJsiaj jAalSI : jAiUI jjlj a,j>J* (r 

4 o*u_jaJI AjoiIjj jJxaj 4 <*jl mu-sVI ^Jl*jJI ^I.’iVimiI JJjLi. (j* mental faculties 4 _uAj]l diljaall Pm^Ijaj 4 i-^g j*ll ojA ^igi 

.act JiJIj reason j***aillj perceive ^IjJI (<513) J^JI j* J*ai j3l 
provably correct Jw ,.-. Jc. Jbljj jajJI inference mechanisms JVnJVI cjl Jc. Js^i*3l ojA jj 

. Jjlu«A3 optimal solution JULaJI JjJI J& j*..^ J3lj 

:Sj*JI J Aj<j3VuaH (JV^lilt (JnAljll A-aJaj! j^Jaj 

j! "^jlfl JajjLai (jjfL lil Jaljiui . (JS" 

“Socrates is a man. All men are mortal. Therefore Socrates is mortal.” 

. (JV Slui\ Clilp Ij^lj t rules logical A j‘ql-11* J1C.IJ Jj 4 J3aj£ JUtAlll ll)l ; ll*C. Ac-Llaa 4. V~lg; 4ilJJj 
. l-il i’i'ii .,*S/lj .,4AL AaaS (JjI.,,,i* 1I Jv ^j^*.; V 4jl (jj* IjJlc. 4 Kmi*IIj 

Turing Test : Act Human-like ^luJVI Jl# J*iJ! jUSil Ajv^.I* (r 

4Jj£ 4**ljJ f_g\ 4(jLuijVI 4 Jn, ,ij lAjlajl Aic. e.l£iJI 4 ^ AJtVi * aJLlaj ^>?ajj ,_jJI CjVVI «-LmuI J '.A i-Ng i*ll oiA jju’i 

>( JlaJI Cj 3_JI ^3 JjJaSl J^s,‘iij (jLupyi Jj ^jJI f- J*VI (J*aj t_Ui*l_ja. 4£.l •..-1 


Jc. _Jjp V 4 _i£JmJI 4 i-Ng i*lli 4lil_jak JAjtJI jj 4_ajlx*JI Jjj*j j£_}*a*JI 4 ( _JUI 4^3JuAI Jc. V 4(J*aJI Jc. _JjJj 

. (jluiiVI (J*c. Jtnl JjLui* Jllj Jc. Jji^i-nII Jc. Jjp Jj 4 JlljJI Jc. Jjn^vvll 4jjS 

:Turing Test Jjjij jlinl Jli# 

.interrogator c_j J)> -j>**\l ^ JjVI ^ • 

A_l£joui jjUj o -0 tteletype a jJ-k-aljjJI l-jjV uu^ll ^jJaiujj • 

.(jLulVI dj**3 jl 3-i*l 4 JVI 

.4JI l^oS La^jlj (jluiil I^jS (jjlajJI ^1 JbJlal i_Jj^1mi*]I Jjtjvj • 

Jaj (jl 1,>iil (J^tn ,'iAI JjLauj 4(jL*jl Jil (Jjk*aj 4 U "ij 44x-Jlil (jl 4_jj'^. , n,i*ll Jc- Jjj jjja. UVI Jjtal • 

. (jlouV I 4ll 4 t Jj) j n'im1*1I 

.(Jj (jjl£ UVI (jl JjluU 4"A» yj 4 4_Jj-n'|mi*H JjlS. J 4”l-N -VI Ijl Jjjjj jlpjj^l 4 JVI jllal • 

.human—like (jLuuVI Jl* jj^^j 1 ^j^Joj ^a jlI j^* 4 —aaJJ 
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Rational Agent : Act Rationally (JjajJI (i 

4!LojI ^Lul-0 dlLiLoatil AjLaui til jU\ olSL^-oj ^jjJajS Afi^A (Jjl^J 

.automation of intelligence 

^Ic- (JJjtUl l£ (^5-2 4 (J-GXJ C5"^ LS^ 0 fi^A 

• ^tJiu ) ^A liA .Ujli lUJI ^taL imperfect reasoning U*l£ cjIj^ 

Al Techniques ^^1 QUyu 

. ^C-llLaj-saV I elSill L_flljlA!j L qVVn^ ( ^9 flnJril ID J^xILq CliLili ^x-lliaj-£aVI Dj-lou> ( ^-9 Cljj^_La Jill 

;> reason j±JZj manipulate <aJU-aj represent JAa 4_A£j cAAAI 

Ijjjc-jj Jl CjtjVqill aids t. ~ii'i■ A\ JLojj 
"L£ j" jlu ^llaJl djluj Jsuxi jJI CAjiViH .) 

Techniques that make system to behave as Intelligent 
Biology-inspired Al techniques ^JjJI <*k- ^.AAA Jill cAaISAII . T 
:Techniques that make system to behave as Intelligent ASi j^u JAJI dljA* jJI olAAl ^>j 


Describe and match 

c qjil 

Goal reduction 

L 0 ^ ^ <\q*^ 

Constraint satisfaction 


Tree Searching 

oj-s .'Jl ^gi CliaJI 

Generate and test 


Rule based systems 

Jfrljlll ^iai 


Neural Networks 
Genetic Algorithms 
Reinforcement learning 


:Biology-inspired Al techniques ^JJI ^ ji]| cl 

4 J u^»» \i 
A.m2k\l 

jj)ill jAll 


:"LS>j" jJjj ^UalHi djlui JjLaJj jJI CilnVill 

Describe and Match 4jhlkJlj lA^j1\ . \ 

l^1 i in-sVI jA ta-Ha-JI “JlaJI ^jja* ^ Jaj Jc. <aaLuj tLo_jAC. ^i_Ji]l ^._jgAa jVWi 4_A£ill oj\A 

^Uaj ^.laAuUj (Jtijjl jillaj J dl^/taJI (j-o <c-j-a^-al (JlSjjVI Cjli!L>l& Jlaj t^gjLuia. jl ^gjjjaila. JAA ^llaj 
(j-oj li-it.-iV I c-lAJI (JjLuw (Ja. ^gi i Ogll “Ula. Jl A CjVAJI ^ i^-s JjJlaA iJAa-all “illaJSI (Jliiljl 

Cjli£}3iJ Laj 3 to.Vq» *a jl tojJjS (j-o (jj^ (_gjll (JjLlhaII ^^ic. lg ij i3-i*i AulAol ^A C. 4 iVqill o^A '-JjJC. 

. 4AjLJ1 ^oAILoII JSj ^j^aLoll 

.system’s behavior ja :Model 

i^y> ^j estates oVAJI ^ jj^a I^a (jjSii • Finite state model a aJIaJI 

tJLkjVI djjUj <JUJI <1UJI alLcbj tlgAu relations ^ajjj tinput events 1aa±i^\ 

<Jti3l AjSlaJI <llaJI ^ il-i'nni 
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:Computation model 

dl!)Li.JLoj te-JlJI diVii. (j-o tdjVbJI (j-a a (Jamijj taJjAa^all (jjjj _jA 

.AJtHI <1UJ| <JUJ CjVUJIj <kxa]l j^ajll I g'iq ihj transition function Jliiil <!bj tbiaj 

: Representation of computational system JaLaUI ^Uaj 

(jA 4-i9 4 KtiginWi (jfLaa t transition rules JlauVI ^c.ljs ^a -aj *ULiJ U^j (J-ao^uj 

AimiI'iaII JlaliVI ^C.lj3 (jc. tbakjll 

:Transition relation JISHVI 4Jble 


JtSuVI <a^ Lula 4 S' 4laJI J] S <JUJI <fis flkill Ciil£j t(S, S') cTM <> £jj ^Ua jl£ b] 

.S => S’ JLilb 
:State-transition system AlbJI JlSOjl ^Uaj 
IS tone successor ^.Ij a JS^\ ^ 4J oVUdl £***. CulS lit tdeterministic b.i^ jliiil I^a Cjj&j 
.j^Ij t_ak (> JS\ l^S (JaSM (^ic. aAa,ljll <1UJI cjjl£ b] non-deterministic b.i^ jjc. li* (jj£j 
.(^L Ui Towers of Hanoi puzzle ^jjU j-IjjI Jllall ikb oVUJI jjj oVlauVI ^ JliLaSj 

Puzzle of Towers of Hanoi with only 2 disks Lia <^1 £$jU jrl^l 4_«J :Jli» 

;>■ Og Hj “bjIjiljVI (jjalLaJI ^^JLot-a <SLm^]' (Ja* 


Initial state Goal state 

All, I I A 

LalUa ^ ^3 JUjll ^g-I] (JIamJI ^a 

•j^' J) ^a t'o^all ^9 JlaJj (_>aj 3 * 

. J-> i ujILa t 'j ;-s .a^ ^,*iVnai (jl (j^s-a j In, ujV I • 

. CjIj)J-ts\I j^a (jA^c. Jab a V~igll jiaol 4 a*lll iii ; 

Cj (_£jjlA 4 _i*J ^ b‘i*s (JliiliVi CliVbt, ^j-a^t LajS 

:Jaaa (jja-a^a ^Jic- (jJS. 
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[1.2] [ ] 11 

r A_l_L, 

/ \ 

121 HI 11 JL J. I -«- *-JL I JL m II I'l 



l l l ii in | 2 ] n pi in I JL 1 


/ \ / \ 

I 1 A -- -I I X* -► Hh ->-1 A I 

II II l '-21 I'l II 12 ] | 1 ) | 2 | II I) ( 1 . 2 | 11 

Towers of Hanoi puzzle 

UIx.ll qa ^.Ijdjl <JliajVl ciiVl-^Jl (ja y^ailuiLc Shortest Solution 

. IjLujj aj^ /Ml (JiuiV 


:Goal Reduction Li^JI .T 


■Xai*-a (JjLaj£ i ^C- IjJcLi^aV I knowledge 4jja..a\l (j m “Ulna. Jk i S-igJI Jajaaaj 

i> Va? <JLaJI (jXajc J JAajll (j& logic-based representations (Jlaial! ^ 

. 4j_}*-aH (JjWi I^-jjJajA JjLlaa La£ ‘ 1 g . . -i^. c JajE. 

‘<Ja (Ja jj£! tSLlb - goals 4 jCj 9 jl ‘—sl-iAl ^Jl t^j-LAaLaH l V~lg\l ^^-a^gjl p 11 uViUj ‘ A iVqiH aJfc OLlLaC. Juajj Jj 

. lajLa ^ n .-il i_s.}gjl Jjl Jjkj lg-Jj (Jja3j]Ijj ‘jaitiA J^. ^^Ic. (_gjT^>~i Jill jjJaJI *—sI-IaVI saj Jia* 

‘(jLaj jl (jJAi) (jJLara.1 J)A IgjS (JS JjjSoj Jill ‘<ajLJI Ajjliill <jj-s Jiill A a n.-i_i A in'iN ai& CjIjItn ?t j , >i jj Jjj 

L(Ja (j_j£juj tJiauV ^lc.VI J)A ‘* l " °-^A (“-“J (jl t. 5 ^ £ ' ‘AND/OR A jqJ-i*i«a\t A ^jjall aLLA Jjjj JLaJjJj 

Goal levels Li^JI objlu^ 

J5 A ./liXu i_sI.}aI Jfc (jji uiA.\\ <jJ aiauA ‘ajT* /Jig IaIjIuus ajl^Al Jk <jSlfr i—sIllaVI 

L-sljl&VI Jja jjja. Jfc (_gl lag's riillj IaIjUuia 

Arcs o-'j^VI jliajkaJI 

Jajiaaj (JjWil lillij ‘Aj9_}ia]l node A liVill ^g"ii ij (J^ l-XfJ ‘ (Jiau!)U ^ic.VI Cjljj)'u.a.all i^ya A^JIj Jajlrs ^A 


.,_5jluLa]! (jJaikia (_gjTun.aH ^tc. 

node 4JaiI11 

.action goals lg >>ijq-s"i JJC. Aaixall a_al^AVI (Jxaj aj-s i'hH (Jiuii ^ aJia-All <jcjill i—aljiAVI i _^A 
i_jl^AVIj i— sIjiaV! (jgj cjla!)U]l (J^aj (Jaa.1 (j^ AND— OR tree/graph (jl/j) AjjUJI ajt*^-jij ^I.'i-nThiI ^Lj 

(JULall ^aojAui LaS ‘<£_)!,/nail <JCjiH j AiiAall 4_icjil! ajl^AVIj ‘Ajcjal! 
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Goal Reduction gJa ijj Jlia 

(jjuJI t JLoJ! (Jla>. J/ t^laJI :JiLa facts JjjliaJI (j-a Ac-ja^m (Jiu'il tj j j! jjl±j jjlu oj-^. t'iil JllLa Laj9 

dxuulj -LluuJI (jJ-ii-all ^Jc. aAa!i*-a jjc. IgjjfJ tlAjJC. j)A Jig'll! oAgj Ig llLaj j/Loj ^oAlLa Jkj .. .“La-iSAa!! 

J<a"il! Jjjj i— sjS. : jk aJIuiaSI j .LoLoj 4-aj^a 


alj-t ILj »"■ aV.\ aJLjj 

improve enjoyment of life 


2 A 4a-. ■■»!! ,|’|' ^ ■ - ■•*’* ■ 

Provide for old age 


JU3l jLa.J\ 
Save money 





Improve standard 
of living 

aUaJt ^bua ajUj Work less hard 

J*x3l 

JL»dl £jA Aj j*4dl ‘ ■- 

Earn more money 


^•Vl SjLJ 

Improve productivity 


AND-OR tree/graph structure 


.JjjLJl (JSaill lg i>ijj Jill !g . >>)qV'i Atja jLa.VI Lai 

<_Luaj 4JLlu»3l 4 jja»ui 3I AjjJI 

:jcjl! i_s!.iaV1j i— s!aaL/I (jjj <AajgJ! <3^1x11 • 

Licjs Uaa JLoj “earning more money” sub-goal ^c-ji i_saa j* “going on strike” <3LJ! J 
“improving enjoyment of i-jAgil UJ Uaa jjS-V' !La Jiaj Ui t “improving standard of living ” i_sagi3 

.life” 


:Alternative ways of trying to solve a goal i_iugJ! aja=^ 4JjU~J L • 
“earn JU3I ^Jc. Jj^ll <La jjL. j* “increasing productivity” a ]UJI j “going on strike” <3UJ1 

. L $j±J)}\ CjVUI] 13£Aj....more money” 
:Conjoint sub-goals ji jc-jall i-sIa&I • 

t “earn more money” JS1 Jla i.-uAi J iLa ^ti =a V < “provide for old age” 4-aAnLl <>J1 uj U u-J jj 

.“save money” JL31 jS.Ai J LuaJ j-tLj LLj 
Jajjjj Jill t jaJJ! Jaliill (J Ajuj^\ iAAjLJI i—s.}gj! 3u 4-Agjl! (J \ iL.-tn till Aj JjjLJl JIL3! (j-oj 

I Llj IgA, j;. s-i\ (jl j/Lj i.” 1i**»_i 4 _$/_$! <jalaiall •Ajllaljjj'y b 
?obaJlj ^Lill Jjjj I_aj£ :4jLui*3l 
'.A iqLi’ui Ac. lj.(Jixul (^Jl (j^ AjIaVI 

; A Aitlll jl ajljj jl (JaxIIj t_jl) ( ) 
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Cjlajlj jl lilLaC. j) Sjbjj jl nj-ax]l (jfr i-jljjkiaV! yf. liLjlj Sjbjj JUaJ (jl liLlc. toLjaJb JaJI jljjj) 

. (3jg (JSI (J-aC. Auq'il Jia.1 (Vlj) J 4 (JL2I Jkjl i. '-Nj liA £-oj t(“Li3LUal 
jjfLaJI 4xajl t^g-C-1 lLn<-iV' el£iJI U.>>3 j^a JjVI Axiafllli t JJVI o3A ajliall “LpLall 4_ijjJI Jl ojUiVl £-a 

J J JJj ^^xliLu-aVI c-tSaill (JjLxa (jl j3jj V 'J»"i JSil A n>i3 ^^3 ^^ikjjllj ^ mg ill i_ulaJI Lai tjjLuuLU (_£3L2I 

. JjVI <iUaa]l (JjLuw i_llc.l (Ji. 3*J VI t JlaJI jx^aaJI 
Constraint Satisfaction Techniques L2aJ) LJi # ^ 

4 jm.ViA <]Lu^o ts^j t"^j^all (Ja.lj Jl.2! ^uj J :LliLa CjljjiLo a^c. (JLLi. ^j'qLi'ui <sLlc. _jA constraint -LaJJI ji -iisll 

i—S9_JI Jj.laj (jj3j t433j CjUliJI -laj -lajjaJli .JI.2Ljj £j^Jb <al*Ila JajJJI ya Ax-ja~\ .a jjaj Jl ^tiau tojjg ui 

.<ai1lu 43VbJI (JJauil 4(jjl£ J l V’W jl Igxa 
:Constraint satisfaction lujl JLajaai jl Aj3 

^ajjaj J (JaJI -ilaCVj idlJiLall tgj ^jAMi-a.II ^jsJ -lajjii]l 33aL a~* 11 -«» j t-lajjall JjJI (j^ Ax-j-a^ .a I (Ja. jlaol 4_ilaC. ^A 

.JjjSII Jajjjjai tSatisfaction Ljajll lg*Vq AJa^a CjjjjJLlAll ojlA 

:Constraint Satisfaction Problem (CSP) and its solution Ubjll 3aj£ 4JLa* 

I<j-a (CSP) L-iajll Jajui <ILai-a jj^Tl • 

•X = {Xj.x n } Jj^ll 4x-j.a-N.a tdjJillJI if 

. XjjjiLall lA3a.La (jl (jfLaj Jill A l.a"i^.all Jll Dj A ;g"h.all -Lc.j.a-N .all tjjUajll if 

.(Dl != D2) Hxa tdl9_j]l (_jjoaj ^3 JajjLoll CjJixall 4 jL1 Li- a 33aj Jill Jill (j<a ^X-j-a-N a t2ajjLi]l ^ 
(jfLajj (JS jl (jjjLLij ^^Lll CjljjiLall | uaa. Jl J.'i^.^ll (jUajJI (j-o Jll (jx iaLjjl£ CSP <1 Luia 1I (Ja. • 

: U-& u' 

.JaxCalL oJAaj (jl (jjj t(J_jjLo Jia.lj (_}a. ^ 
. JjjLaj A (JJaJI ^;^-s ^ 

.(COP) Constraint Optimization Problem Jliall JaJJI <!L^ tjujl JaJI jl Jliall JaJI $ 
cAk\ Jia iy£ oVU^aj ^LiLu-aVI elSoSI J tConstraint satisfaction IcJI A CjlaxlaJ ^2 l_jJ 

^1 La. VI (Jkiallj Symbolic Computing <jj^aj3l J^jaJlj Programming Languages L^aJI 

. Computational Logic 
N-Queens puzzle (j-CilsUJI 4a*J JH« 
V (jl _jAj LUaJ iajal (_3~q^~i 1 J~N ) I g» . >1J Jj iN*N IajLuI gjj Li i'ii <x3j dll^lall ya N ^j-n . JJX (j^2 

.(JjLa (JSaaU jl Jj-aaJI jl 1 li^ill (Jaiij ^3 (jLUila (jL^La (jjj LaJijc. iil]j (j_Jlj t<3tSj]l ^3 (jj^l A^La (_£I <SXa 

aJI,uia]I o3A A ~s (Ja^l (j^ I(JaJI 
.(_g_}a.VI (j£ *_<tl*s a 3_jaC. ^3 <^La (J£ (jl (_jajjij] • 

.1—Ll^oII ^‘six'll 3j3aj ^-a J ^a3j 3_ja*JI ,J <SlalL Ri (i = 1 tO N) CjJiLall ijJ • 

.<jxjjl_jaJI lA3*j jijLi ilj t Rj j Ri Jaall ya £jj lW ^3fr iajx (jjL< ilj • 
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8 - Queens puzzle <jLull cAHaII <o*J : Jli# 

i <■ ja. ^ v (jc. (jUuii ColHLall < 0*1 jjl Jlau <ofLa-all (JJoJI <o_)Jooj tN — 8 <-ao3 taljjl (JSLoill Jl Jaollo 

t-laJj Ja. l^jlS SjialiLall (JJall i_ol m'i^>lo Ioa3 Jj ‘IAjJjH jl <*i_)ll (j-H*o Ioa3 J (JjoUaiij J t'Jalolo (JJa. -ia.jj ( *-oUlo 

.aljjl (jLjajjjsua \ M (jjLak JaSSj il.lli.j !)lok 1 \ Igl < 0*111 (jl Jl 2 >j 




Unique solution 1 Unique solution 2 

jLull CjLSiall <o*il joiloi-a jol^ ^ola jj J£ui 


Map Coloring : 

CjU.IuuJ1 iAY\\ Jajjj <* aJLuiaII (j-o (graph ajjLij jl) 4 _lgjjojj 

. Qjlll (jjiill ^jJJjjl Vl^ (^n^Lau^ jfliiVl JaJJjJ U 1 is^^k (_gHI ijjill (jq-s'ij (.“n-N i t^ilio£ Jl Jaoo) 

:JaJI 


:<JaojJI (jo_jlo ULulo ^, Wh (jl (JJ (j»o 

. ((jl_jlVI <al Jalio jjjHo OJuloaII JjUao ^ jo*oaj <laojll A 1-iq'i (J£ <oaouoo jkjio • 

• (joojj (joolaaj (jloAxoo (jjj.o».‘ioi (_gl ^j 3 j_gjLoii ^JSC. lajol ^.lao • 

:Four Color Theorem Ax^\ <jljlV1 4jJal 


Jj-la. J Jill tjjlaliall (j_j£o J 


iJaaS A qVi< o' jjlJI <*-J jVn»h (jl <laoJ. J ^ojajl (JfLi <ll J& <Jaoll fiHfc (j^aoo 

.A ql'i-soi jjljlo ^-J- 0 t a£>j\uia Jolc. 



L)lj&l Ajfrlj; 4laj>i. 
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Tree Searching S>aJi .t 


(J^ba. 4 _ ualia jbj^a jbajb (jjfb <11 .mui. 1I (Jaj 41 _S-lgJI (j(->jqx'i Jla 4 4~’ix jll ajx mi ■AjVq*ij 1 g qj.^ijj Jbaj (JjbaLall (j^ jJiS (jl 

44 ^ nul‘uill jl.i-all .lau JLx 4<LalS ajx mi 11 J^la. (j^ CLvaJl ^amijj 4 <11 mi -all J^, <JI ^n.ui .1 (_£ill i—S-JI (jkxj ‘‘‘ill 


.exhaustive search Jbill diaJb 

Tree search strategies ii»ajl ij+A iiibajljujl 
Depth-first search VjS jjdb iaJI 

l^ya A J->q'i (JS 4^)i.l j/Vuia (J (j-a Jla9l _jA 4 JalS path jLuw (J (jl (_p3jliij <i3j 4^^-uilJI alrajlb blajl ^.-auiJj 

Iaj^u V 4 l-iVi^ dead end < 1 ^ a Wqi Jl JJoJ jl 4(JaJI jLxjI jix ^LaliU <j ..xxij 4 jluLa J bib Jj 4flJX Mill 
jxaj .J £-Jj lga9 (jjj ajx Mill J <Iaaj 4_jJI Jl ^qlxll ^(Vill 4<b^ A 3-iq~i Jl Jj^a J <lbk ^Jj 4^<icJ Jalaj 

.<jjlgj Jix jb.i-all lillj jin ij 4Jiaj <j3 

(j^ljball ^ six 11 ^ (Villi 4 .Xaia-allj (j^ljball La& 4(jjC-_jj ^Jc. (jjj u' (j£«j backtrack Jl<ll jbl 1 JLac. 

jx 4 (^ 5 ^! J&V) jL-iaII qjSc. UaVc 4<4^i J£ (jc <ji ^jjll (jj£j :Chronological backtracking 
j ili :Dependency directed backtracking .w-all Jl<ll jnll la! 4 < f M 1 liall node a b Vil l Jl JJ^JI 

.<ijl Jlgjll Jc. ial*J Jill AA (_$ 1 4-laa3 ^xljllj 4_jlx MiiV I allljbx. (jE- V) £xljill 

■Jl ni*siy^j<i^ll diljljill (_p=«j (j;lni <iSl 4 ( _ 5 ^jiIj1 I 4 "i*v ill ^j-n jiljiml <Jj :Hill climbing Jill jLmI L-fxj.ll < jxjIIJmjI 

.<!»-# <ibii J <c.Uj] j t (VUi=J JsVl) jIuiaII Jc quantitative decision 
iliill (X-^ax J^Ll (> JaJI (jc lIlxJI 4 J 3 VI 4 ^ixil b luajl :Breadth-first search Vjl tA>*Jb dujl 

. jjVI o bj)j,4nail J 4 "ixilb jl__>Ai4uV 1 Jj3 4 j,ix< (^gjTu.na J nodes 

(^JluUij 4 " lx ill <g-x. (j-a 4<bball ^JsVl 4 " lx ill A ix (iljbmj <ibj A ix nljlmV 1 s^A I Beam search ^jClsUaill 4lfXJ.il 
4 " lx jll (j-a Vlj 4(_Jxll Jl (JjA^aJl VlAlxl J£VI Jaliill liltj 4(_gjlLuLa (j£ jJ Ja33 jbib lg 1^1 4^leVel by level (_gJuLa 

. l^ia ^aj <laaj (_^l ( J 

Vbabxl JSVI 4 bad I (j-a boa ja‘n. 1'1 Igjbl ^C-b-bll 4 ~~ 1 x j 11 <bja <-ibj iBeSt - first S63rch Vjl JiaSVI (jC' 4**i4Xjll 


.(_^jbaul JS j>a 


Generate and Test (GT) Jlllj o^J®' 

A i^ixixill Jill j)-a <c.j.axxi (JbUk j^a <baI=aLa <ijaj 4 " ix j"i ^OSPS^ blajll bajlu <lbu-a (J^J ‘ba.’ix'nuxill aljb-ajjJbl i_llc.l 
jjj .<ll*..bl toll'll (Ja. jalc. alljbjl jl 4b_ja._^a (jl^ (jl 4(_J ^J-jl (j-a.^-i'i bljl JLajal <lbaia (Ja. <i^jjl_jaJ .babjjVI 

. abljj Jtal JjJa . ~~ iqj Cli3j lAAa.1 jA l g nr. 

Generate-and-test method jajal Aija 

jjj 4blJI bajli (j'qx'i (jl 4lxjx 4^1 (JaJI IliA jjl£ !jl ba jfix'i (j-aj 4(JaJI JIJI J <ijall oliA (jxix'i 

.lAjbua.1 ^aJ <aJajlLall (JJaJI JjJ L_ljxub 

The algorithm is 

^Generate labels 
iTest satisfaction 
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: (j_j£Lo li&j 

.hypotheses oLaljislS <£^1I J^kJI ^j ^jiLa (Generator jJjj • 

. t _ u .iUaSI (JaJI ^jsk. t'La^Lall (J_jlrkl Ai.lj (J£ (JaJ lillj jliiaJ • 

* 4 ^VoM ' o^A ■ _ 

(^^aajp tCjljjjtLallj UJask (jj£j tyoiS ^j3 ^-lij iNot very efficient sc.Ufi]l <*JIj t.**n«i\ (^ 

. la^V I <i^o 

. lilli (_jc. (Jiiluws JSlij dllklijjl .liijlu <^ 1 ^ 00^11 oVkJI Aj*i CjL-aljjaVI -4>^ (A 

.backtracking approach ts ikJI ^\\ Ji* jj^kj J] 0 iA 4 b*L& 1 I ^aj jJ t>j 

.4£._jAa^all -a (jjJU t jj-aljaJ! (j^ 4 qU xi “G-_jAa^a ^j3 5JLuto \A o^A ^^Ic. (JliLaSj 

Rule-Based Systems (RBSs) jklj&l Sjc. 13 ^ 4a&j .1 

.(jjaua (J’N ui ^—3 A i‘qkl.all .a ^A iRule - Based (jjjljill o.}E.lii 

c l£k! cjUS ^h, J$J ^ Rule-based systems Quljall s^&la 
. IF <condition> THEN <action>: Jikll <> a&lja - 
.“and/or” trees (J/j) S^auuj (33 j 6 -llc- oJlA — 

.rule is triggered ^lill (jpty) Lis ^jj 4 qq Vm (jdjljall kjjji J£ LoJijc. — 

RBS Components S-sela ^ CiUjL. 

I l _Aj (jjjljaJI 0 JC.I 3 ^Uaj CllljjfLo (JSuill 

. Interpreter Rule Base quIjSSI sa&lSj Working Memory 3Jc.U]| J\ <A«JI s£|jJI 


Change 


Interpreter 


Conditions ^ 



Working 

Memory 


Rules 


Rule 

Base 


RBS Components 


RBS components - Description <Jaj CiUjLa dLaj 

Working Memory (WM) J**JI SjSlj 

I ojj 1 Jiuj 1 ^j 3 J~s m'lj jail (j^o A fini< (jjjlk. jl -IAIuiaII (^jC. sjSli ^A 

< object, attribute, values >. 
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.“The color of the car is red” l$j . v Ag; jillj < car, color, red > : JliL* 
(jLaj .problem-solving session JjluuJl Ja. cjUa 4 ^>JI aJjUJI ^Jc. LbJ 

. -X. Ijall 4 U , IIIJ \ 

Rule Base (RB) jJIjill Sjelia 

( gA jjjjljSJI o^C-lSj 4J3UJI (Ja. dljaa. \a ’ijaa .\ij 1 g '14 .lalj (JS ^ya <c-_jAa4 ^Jc. Jjljill oJlcls (_£j!iaj 

. l-i ill ^jla (jx Yj aljia-o Jj Vj 4_Jc. A-oja-all <3j*-all Jjl.li4 

JF <condition> THEN <action> JUI <> jn Rule syntax jjslill 
IF <(temperature, over, 20> THEN <add (ocean, swimable, yes)> 

. (3fiaJ juAjc. Igg-s 4 j (JaxII ojSI il lijliaa JLaJilljlS “Ula. 

l^gA (jjjljall O^C-la ^Jc. JjfiaJ Jill 4 J-naiVI 

“Add” fact(s) to WM s£|j JI Jlia 4iLbl 

“Remove” fact(s) from WM s£|j <> Jtia «_soa. 

“Modify” fact(s) in WM JuJl s£|j J Jlia 

Interpreter j*n*LJI 

jlajl 4 1-miljj AiilaJj RB (jjjljall S-lC-tS <j4 Ijjjla jtjaj Jill tjjdjljall sJc-ll Jij J jn nihil 4 lq injl A_ijlAj-all 4.JVI Jk 

4jla JfLui ^Jc. (Jj-uYi ^^Aj . Clll-iaVI 

.<oLa*JI sjljll ^gk Jill (jjjljill jlaj) ^Retrieval ^-lajiJVI —1 

.ciiLcaaliill ji diljIjiiuiaV 1<_jj^Luuj (Jj-n nitj :Refinement ^unVill — \ 

.(jjjljall (jjjWi j (jxj tAjjl i>ii 4 II (jjjljall ac.j)a-\ 4 J (jjjljill ciilij^uaj \iiVi: Execution —V 


:Biology-inspired Al techniques ^JjJI ^Jc. jvu^l JJI cjLj&ill (t 
Neural Networks (NN) Ajxuaadl CjI£a**II . 1 

4jiJa l gk 4j» nl-ill A in^>»ll Cill^hnll Jac. 4_i£la4 t<lLaVI 4 U,, J ^ Vq»II Jit'ill 4-ac.l 1 A in^mll djl^n'iill ^4 4 Vi 

i^ya 4 Vi4 jl ^1*44 Aatj i." 1 1 ~n j ti—LuuVI (Jlajyi iaLajl ' Sj*jll O h® 4 ii» 4 CjIjjSjj (_g&J 

."neUrOnS" CjLjjjjjll (jajs) uljj^ cs^" a in .-mil 4^ nail /J 4 ) 4aJLa ^ j 

toljjl l gk 4 .> 1 ^ 4 !! i trainable' ^.iW'ill ALlall sjua._jll Cjljjjjjll (j 4 ja Perceptron ^jjj'in.aj^ll 

. 4 JL.H 4 II !^C- IjLaJC-l (4jjLii_jj^ 4 ;j]-ii4 ji 4 VivA Cj^l •N.iall ^g& Xj, X 2 , ..., X n _ 

. 4 jqjq -s fja (jj^j t(edges weights of the) LjljaJI ^ Wj, w 2 .w n ^IjjVl - 

.4 iqi'q-s 4 -oj 3 uj^j (threshold) 4 yi» II T — 

. ((jlJjj) 4j'ql-ii4 lg '144 Lj 444alaJI Cjta^a^oll ^A Y — 
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: ^ ^^jII <fLuil! d!>La.io dijl£ IjJ 


W, X, + w 2 x 2 + ... + w n x n 


. • (_£jLd V <aj 33 Vlj ^ (j^Luij V dlaj< ^11 ju^jc. T A m II ^ya ^>j£! 

(j a lillij <3jj*-a dlaj<x^lij dl^t-v^ll 4 j 3 (_£.il! tsupervised learning ^jsIjaII ^.iWMI a dl£LdJ! ? 'Vi *>a 

. dliajda ^1 dl)t •v’ull ^j 3 ^la»j i—Sjjjj ^^Ull <11 Jill (J ji a "\ e-ljj _jA iJda i_i^A (Ja.1 

Genetic Algorithms (GA) ^maJI dtwjjljaJI . t 


. ^X.1 ~1 In * I c-lSill ^3 _jdll (Jla-all i<Jj_jiallll <iui_jall ^_ya tjhz*- 4 jij'nII dLd)jl_jaJI j j'u'l 


.<Jjjlaill liajljjjll i^ya A .)VqiII dl-s i_ljm'^»ll ^ alSsla-a£ dli <disjl dlLojjljaJlj 


Mechanics of biological evolution Ajjjkill Lazuli Jag dUl 


^ (jjjljill oiA (J-n mij l-iill tdli t. 'ij^i c q.Wi ^^ull (jjjljail i^ya as^jm-\ a ^^Ic. organism ^U=u (J£ 
^Auij Alicia JjjiliLui ^3 j>u ill 1 g ) £~a genes cA n >\\ Jaijjj . j cA n >\\ 

qa 4£*ja~\a (_£ 1 J tci _all jjjllil Sda* trait ijjx Jd gene jja J£ .chromosomes 

^dall ^^ollj dl iWli .<d ^1 (jl ^i ^)*dll (j^l dj^T*' ^1-djl l^llLo 4setting ^LdjVI 

J£d offspring djlill ^ Lg-i Uvs ^ISjid i> u 1 ^' rj'Jy L«dc. .organism's genotype <jH£ll 

^ajj jjl .cross over j_jj*_11j ^^-ad <iLa*JI oIia tjillj JS dliia <■ ^^Ic. Jj>1U ^gVn L»jj 4“n*\i tt. ili-s^ 

. LoLali sJudk ojj-4^ (jlt^ll (_5-9 Jg lij ^aJ L>^J ‘U.. 1 ?*^ mutated (Jjdi 

:l^L Genetic Algorithms <d?JI WjjIjiJI djd J\ ^ikdi I1 £aj 

Jjjillj tJjaallj tjjj&llj t^jJLulall fh^Vlj tdljUxll JJIj <Uxui1jj JjIujaII Jd 4jjjL ^ 

.4JIuia 1I Ja. jjjLjI 
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oljIaiJI siA u-aaJjj t Genetic Algorithm Steps AoLaJI cjljki. 

.[Start] f jJI 

.[Fitness] 2u&Lal\/kh$jl\ (T 
:[New population] uAaJVI ( r 

(a) [Selection] , (b) [Crossover], (c) [Mutation], (d) [Accepting] 

.[Replace] JjjuISI (t 
.[Test] jUiVI (« 
.[Loop] (“t 

(J£J ^ u>> jj Laj9 

:[Start] **]| (\ 

jj.h'iain jid Luljxic. population (jlfLui a 11 diljjlSJI .i/Up 

.(3JLawJI 

:[Fitness] <^LA\/a c ^\ \ (t 
:[New population] (V 

: (jlSuiSI <oLac- 4_dtill CjIjItsII jIj£uj (jtSLui 

:[Selection] c la^V'/jl^V '.) 

. fitness ^caj^La]! >jia t^^,*i**>.all ^a tparent oLa_jjai_^ajj£ jl/i-*.i 

: [Crossover] 

(jj£j t'O-sj ^ (jlj tOffSpring sApa. <Jp A ;\.a» 1' oAA (jx ^cjjj AkVI £-a 

. opilia £c_uU 4jjSI 

: [Mutation] JjPill .V 

.^jjoij-ajjfLSI ^3 Igjti'_^a (j^ £_aia^a (J£ ^3 o-lpaJI t(Jj Vill jl jjVill Ai.VI £-a 

:[Accepting] Jpall .£ 

. JAaJI (jlSjoJI ^ SjjAaJI ^aJJ 

:[Replace] Jp^l (f 

.<pjjl_pal] mVi'i (^o JAs»JI (jlSuuJI ^al’lVnul 

:[Test] jlpkVl (° 

.(jjjlUJI (jlSLmll i^ya Jjkll oJ_jxll ^aJ i_aSjjll ^aJJ tlijliw /La^aill (jl£ I^J 

:[Loop] (“1 
. 3jjl!i3l ojlxkll i_iAil 

jjt A^xj^al I I <ua jj£j t unsupervised learning ipal^JI jp (3 akill cAlpjjl^pJI ^Vn .nj 

• jjj'-all' AJC (jjmVl ^-aiaj 1 n<tt 4j3j__)*»a A -- -' ' n * ^ Cjl^n'MI (jjSic. lllHM <3 j^)juo 
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Reinforcement Learning (RL) .V 

Mjaa djI^L interaction with an environment AiuJI ^ jAj 

Markov decision jlja CjijLa. ja _jUal A L. nlj ' A jVq ill oiA -lajjj . 

.processes (MDPs) 

tjA j t “environment states - S ” I oVU. acja^a :<> RL 

.“rewards - R” cjUalUl CjUjaJI j factions - A” djI^Vl 

J^U. VaJljj ^alUl sjL) (Ja.1 tljiiS <% decision-making agent JJN iU^I J&liii 

: CjIj;]-ts sJbu villij 

.A(St) ^ Cjl.la.Vi Ac.Jj.a'N AJ tSt <iu]l <5U. (JjAJtll (J U 1 H-s'lJ it (j-oj t5^ * 

.rt+1 otilfLallj iSt+1 Aiull (j-o <3LaJI (Ja m'lj id £ A(st) UJ-^J 3 Ij-la jllaj • 

CjlilfLall Ayj ‘( :S^A)^ t-jjluiVi j_jlaJ t<inl! £-° ‘^J^tfrlsull oiA Jc. -iLuc-Vlj • 

.MDPs 4 jL»JI <J^ ‘R = r 0 + r^. . +r n 

^g'n\n» a ^9 1 g g a Ijj tjjjsJi Ac. 11.^ij ^ja (JjLuw ^^lc. *((_£jiLaJI jl) _)AA 
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Branches of Al I 


Logical Al 

^aJaiJI ^c, liLu^aV | «. l£.2l 

Search in Al 

^yC.'iLit^iVI el£2l (J JliaJI 

Pattern Recognition 

JLaLajV 1 ^Jc. 

Knowledge Representation 

423^)x-<d! (JjW ) 

Inference 


Common sense knowledge and reasoning 


Learning 

( 2*2I 

Planning 

L. iUnI'I 

Epistemology 

4ij*-a]l Vajiaj 

Ontology 

^xlc- 

Heuristics 

i_sL2u£VI ( q>L 

Genetic programming 

“CiliaJI Va^ajJI 


Logical Al J&U1I ^likuaVI fisill 

- a Li'*11 ^jnnqMI ebjl ‘La.'iVnu.all (jjjljll ^ja Ac-ja~\ a tTSaSOning 'jnulill Ajtl jA 1.21 

:Types of logic jkLJI £l$ji 

. 4 jq ki.aU (J*aJI t<lJjall (jJLio ja :Propositional Logic I JjLuJI - 

.CjLjI£ jjj <&U£ aJ ua.V< Jkia ja :Predicate Logic (jlv-all - 

. uncertainties i<h\ ^ oVU cWy tjki -21 ~ 

.An Lilall JJC. “L2LaJ2.Vlj A '^i-aLdl dlVLaJI ^a (Jabtjj (_jiaia _jA '. FUZZy Logic 3—ii<all — 

Temporal logic cijJI jkJI - 

• (_gL< I'flll ^ j-ajt (^joLoil LaA ^_33—i i.2lj (_gL>*i«ati 

Propositional logic jjkLJI 

^a a 1 ^-nII jn»'ij .LoA^lS (jjJj t false <llaLk jl true L 2 (jjSJ Sentences j JiLaj JjLui^ ^^a 
: false AjJoli. Vlj "true" a .ajqH “LLL-a uj^ La-Hc-j j 3 IV 1 .aH j»..oVl S-iaJI 

If proposition is true, then truth value is "true"; else “false” 

.f*is Lj±kj J l _ r vu li$i “ true” v<ua IjJ "Grass is green" <LaJI ^Ia 

: Predicate logic jJaiall 

VfaS (jjjjliaj 1 g jlc. J Lj ■ ,j jjjjljS (jlai2l JLojj tl^Lal_jC. Jj9j lillij VliaLi. jl VuL^a Jjj£j — 4_iL _jA .iliuiVI 

. a (_yujlLa]l <21 lit K^-iA i<« _jA i^lla ; Quantifiers 

iaILoI 

1- “The car Tom is driving is blue" 

2- "The sky is blue" 
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3- "The cover of this book is blue" 

ijtillfi (jj-iixi Jl Jjaj iLajja. labii-a (Ja-aj Jill (J-aaJI oLa 

A l-ajl oJi^S tB(x) (_gS[lxji VI (ji-ii<ill dc.l_n.-i; lla9 I jli tB ^^.UaLJI ^joiVI iS blue jldd^l c-UaC-b 1 A l-ajl ^..nailb 

: Jti]l liuiVI J^dll Jl 1 a U Jl (JjVnq tX jjb J^l JiLajj Lx is blue" b^ii. Ji B(x) di-didyi 
" The sky is blue" <=> B(x) : x= "the sky" 

Search in Al ^ Uk-aVI p ISill J di*JI (r 

td&adl dil-iJtfl J£ Jd Jlbj jldcVb Ldb jll ^problem-solving technique JjIuiJI Ja. ddb ja diajl 

. target state i_sjl dlUJI Jl initial state dbbwVI dlbJI <_> jda* jlaJ JaJ 

:lLlui ba_adjl La£ JaAl JLlj tiJiS i"l*v ill dlLnSi 

Depth first ^Jjl i b-J I 

Hill climbing (c^^' i b J l J\) J?JI JibS djl 

Breadth first JaVl diabl 

Least cost dais Jab djl 

: Search components d*ajl biUjLa 
. First location dijl s>aJ; J JjVl JJI jAj Initial state Jldd/I dlbdl 
. dLlill CjVUJI :Successor function *LuS/l JIjJIj Available actions dabdl dil-ia^l 

. 1 —S.JI jjjaaj (jx JlSLill Jal <j-a -iajjb I Goal test L-gjJI jliia.1 
. IJI J^aj Jill dlL/bdl Jl dulduV I dllaJI i^ya JbLdill <aiS Jk I Path COSt jLuiaII <il£ 

: Search objective dijl ljja 
.4_Jball dll-laVI 4.1ml ui jlajb i_j Jl dllaJI Jl dblbuVI dllaJI (j-o JliiijL/l 

Search solution diaJI dlLt* Ja. 
.A A qK'ill dulS ILI blda tl -b-JI Jl AjjIjqjVI dlLaJI (j^ jLuiaII _jA 

Pattern Recognition (PR) JaU&l cr lc. (_ijsu]| (r 

. JU-aa (j^a JSI (3° 4jL_)*j J IjJj didajl 4_J*1I JjJll ^sAI ^_ya _jA 

:Duda and Hart <_> - 

. lafuua oJ-ia-all d)lai‘n.-iiH (j-a J£l jl -lalj (jaij dj-all dll.la.L/1 jl dlbulSill (jjj 4jajJI <a!3aJI _jA 

:Schalkoff - 

^jaujlLall ^Jc. i ijjtlil! i a i n s~i\ jl < q . ^jj i -»1» II jA 

:Schurmann ^ - 

.(;_)^a) djUaa.3-all ((_>“) ^Lajoil a-UaC.1 A jl-aC^ jA 
.(?l3k _jA La) “LjLalj jaLajAL/l _jA diLajVl (_ 5 -L' 1 _Sj*jSI — 

:Fukunaga ^ - 

.dllainWill j! | x-^al~s.all ^ya ^Jl a-LUaall >ua'ij jLuVI «-LUa3 ^3 dilldi-sVI daLiiil Jlj^ dlLuw jA 
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:JaL»JVI ( _ # ic JjLum 

.Visual inspection J «j\k'\W tMachine vision 3JVI <jjj - 
.Character recognition l_sj*j3I - 

.Computer aided diagnosis a^&lauu *-,\ t - 

.Speech recognition £)&1\ - 

Approaches for Pattern recognition iaUjVI ^ 

Template Matching cJISJI • 

Statistical classification jL^j\ i • 

Syntactic or Structural matching ajjIj&VIj <LUaJI • 

Template Matching cJlill AliUxa 

4jLuu1! (JjIjSj t j 1 "illj jjjJjIIj ‘Loatjjll Cjljaij jliic-Vlj tl^na< j-s .all AajUaAJ A i-Ng i-all aAA 

.i—JjjjlSI <c.j.a-s.a jLajC-Vlj -iajljpllj 


Statistical classification ^LavVI <-LiuaHI 

dllc.jx'-N a ^.Wnalj 4 (^) '* • " a' • -- 1 3 <Jaai£ (_paj*jj t(_yujlia jl A *'■ -n' jaLajVI (j-° -la.lj (J£ (J/l-a’i 

. djljjiaj jl CjIjoa^ (Jjl-sl g i-a tillij tCjl__>xaAl! a-CiaS ^3 A qfi-s <all dlljlja]! JjJIa. 

Syntactic or Structural matching AajI^V'j ^uSpI ^SjUsaII 

A lijni) “Lu^a. iLajl ^ya 4j_jfLa 1 g m3i ^Aj tig ni Cjli£ilc.j SUb — pattemS 4 jCj 3 -LaLaj! ^ya (j_j£oj Ja^il! 

-iljjj t4_ula*A jjJlaJI ^_yaj3Uj t4jtlll ^^Ic. s-l^ia-a (Jfs/iu JaLajVI ^yajxl^j tprimitiVeS jj.la]l ^..a.ui.1 

.grammar <illl ^ taUic.1 JaaJI 

^1 JlC.I_j3 ^lc. Jy, 11.nV 1 jaJJj t<ii]l Acljiij jjAall i^ya (Jjl JJSC. 4 j£_)a]I JLaLaj'yi (j-o 1 _Lt*aj (.jfLaj 

4.iLaVI (j-o (JV. Vi i nV Ij *_Vn-^ixi -iaAj 

.JaLaj^l <_ 5 ^ c ' 1 _9_)*jll dll iiVi ^aI ^ya aAalj Neural networks <JC.llLu-aVl ^ '~■ --i* 1' CjK nail jiVij 

: Applications requiring Pattern recognition iaUjVI ^ Li>*l3l i.iUatl oliiJaj 
Seismic Analysis Man and Machine Diagnostics 

^SJIj ifi\ CjL >\’n 

Industrial Inspection 

^c.1 n^ill 

Financial Forecast 


JjV^I Jjlaj 
Computer Vision 

Medical Diagnosis 

^alall .-n '-s riull 


Image Processing / Segmentation 
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Knowledge Representation 4ij*JI JjLw (i 

How do we represent what we know? La (J/Wn ^jaj i—LS 
(JjWilIj 4-ixuiljj JjjlaraJI ojA £-a JaLult t<iuiLaa (JjWi t q Jb j^aVI i—jUsluj tJjjlaraJI ^a <c.jxi-n .a ^A 4i_>*-all 

. (JjLuaall (_Ja. (Jg mj ,\rJI 

Knowledge representation formalisms (techniques) AijsLalt JAaj Ai-Lua cjLjSj 

: 1 g W'l All Icljjl i. lU-iTi A ql'i~s .all ^IjVI 

Predicate logic (jkiJI 

JajLui_j] <i!aLiaj tlgj jj-aJ Jill -LajLuiJI JaxJ “LuL^a >33 AJIj _jA ■itiuiVI 

Semantic networks a^^\ cj1£aJ 

Jjjj A_ulj!iSI 4iiJjdl (JLaj (_)jl_jiiVlj tconcepts ^soAlLa Jilaj A ]-<q i J£ i”n*a tgraph ^jLij LiLi'V.a -Las ^^A “UL/bll 4^n'ii 

Frames and scripts cjJjUaVl 

t ^ g- n .iJI cjlaLLJI t Frame name jLLVI ^1 : ja jjSij data structure djLLu J%a J aals ja frame jlLVI 

.((jjjLadll t^laiil!) (Jjl.cn II dlWIjJj C(_£_jAVI CjljUaVI Jj dlLL-aJlj djIjdjJI 

(j -a djlAa.V! Aiuiluil (Ja-ui LliLa tframe - like jUaVI a.\ * : .Vi (J£Ua ^IaaAuAj (JasJI (jjj JLijjj scripts 

.occurrence jAlJhll 

Production rules jrtijVI oJIjS 

jl) (_gun.all Ijjjlji. (j^a t d-lLjfJLull _jl Cjljj ..-nil (J_j^ (jjjljall (j-a A^-j.a'J. a ^ya ^LuVI (jjjljiS (jjfLu 

. (JHa-all -lajJall ' 19 Vi Jj Ajlj t AiuiyjsuaiJ] jlUl JUI £»a UqVi.a (_jHu-a.ll .taJoU (jlfa Ijlj .(THEN jl) (Jjujll j ( IF 

Inference JVJiuiVI (® 

(Jjlia. p . u-s Jj Cluaa. t(Jj3 (^a tjaJI Aijju La (Jc. ,3j-j..all jLaJC-Vlj ^ViYnul Jc- (JjaAxsJI AjLaC. jl djA^, _jA (JVdduVI 

. JalaAa JJ i Vi i u*J I (J'N *ij tA-xuball ^a oAjJla. 

Deductive Inference ^UIluiVl JVjIuiVI 

4_llc. iajaijj tAjjLa^a A iqLiixill 4ia^La dul£, C-uU-o _jgj t lllali. JViiaaiVI (^-o ^^A V 

.ta^aj (jjuljall u 1 ^ 'L>-all (Ji-a"nn^ll ^y> jl t^ajL^all _jgj ttraditional logic 

■lie. (Jx'-nII 1 ^aJ Ijl IjA LijS (_gJ->loll <LalS CjLa_jl*-a *..V1 (JV.1LJV1 t ^ ilLi'ij 

. |»U=u]l ^1 sAl^, dlLajlaua “tiLCaj 

Inductive Inference ^IjalwVl JVaIuiVI 

t^iaj) n>i^ ^yiC- t<Lal£ djLajIxaall ^1_J^I 1 ^ AjV 11 “nj-s ^C- jl . .-i J V, Vi * uV 1 ^ya ^^A ^3 

<3Aa^a A 1 A 3-» ~i 11 “La^Lall ^^Jc. (_gj'Wl j 11 ill AjLaC- Ijl i hjj 1 uj] jl Luljailuil jiaiall (jj^J t<LuiLa JJC-J 

i_jj^ j| <aljJal 2lc- A-iji~>J\ (JasJI i-jlji-a IjJ U'» (^Li ixill .^UUmVI JlSjj V lg 1^1 t^llVnuLU Ig-aC-J 

f-jjJa ^glc. Igac. (_3^ Liq^. ttiSjaa dllla, .tmwVI reasoned L. /rn ,^ll ^ajjjJj i ^al Li ill j^JI j! ^ya sAj^ga, CjLa_jla-a 

■ A ilyqnu.aH djLa_jl*-all 
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iA . .-i ^ ' jl A ui^C. j/LaJ ^LnluiYI IliA (jfll ijjljjlall ^JaluAi jLLall lilli (jl j >aj£ (J.Viuh i La jLLa Cjjaaj £Aai j LaAjc. iLIaa 

. (jljJall £a1o!Laj V (jjjLijll JLL»9 i jjjjaj jUall alii (jl ^.Aui .1 LaAic. 

Common Sense Knowledge and Reasoning alji-L*!' (j^aJI 3ijx«j (1 

. I^sLca ^Jc. IaIaac. 1 5JUI (Jil V (Jc. SjAall _jAj . (JaIaII i—il&V J^LaII 4_uAill CjIjI^aII jA ajjiuiA.ll (JaJI 

iSj^u ‘‘^jjiaAll (jjaJI <3jj«-a (j a Ajtaailj a i^a ^Jc. iSj"' i ' k j (_gjall ^-IaaII jjV People can think (jjjLLi ^uLUls 

.<3^a-a]l dllA^j (jA aAa.j (_gl ^IVnulj l^jLuiiSilj tAi^i-all -jLTi (jA v -^—a (Jc. 

^ujLuill tijjj£ *US! ^aji ajjaaLJI 0 ->Ua :Computer can not think ^ik n .n V ajjaaUJIj 

Jiiaij IJLij t^l,.lllj c.LJL/1 ^ihi'i Cjljjiij CjLIj (_ji (JiL CiljAii (jjjLil ^JaLai V lg i^l tjyjc-LllI (JjJaal (jjiuuu 

. lAjjiAAAll ,_)AiJI ( JI i_JJaaJLSI 
I (Jl alji.l.All (ju*sll jjjj^lJI ^ja 9 A3j 

Common sense knowledge aljLLJI L>U aJI 4 ij*A 
Common sense reasoning aJjaSull jaa£ 
Teaching computers common sense djluu*]| <jaaJI 

jaaJI IaaS-L Jill eLLaYl 1 —j jjoil^JI (jjjjjill ^jjjaLa]' * _a^-i t OpenMind j IcjijiiA alliA JLijaYI MIT Ag» a (j 

jjjlalilj 44 _iajaJI (JLaoVJ ^iLaij j tSeiTiantiC net JL/aII Cj'Vui Ait h.-ii IaA < 3 j*-all (Jaa! ij tt. In'i^j ^a1*j£ 

. JjV'SAll 

CjUIuII Sac.la ^ji V j t j * : J 1 iajjiuiA.il (jn**» II 4ajxA (Jc. JjT 1 ***' 1 1 "- J hLij Sac-lal (_£jAj ehul JjLxa (jl£a CYC ^-^jaLaI' Lai 

. JJl-i-all (JjjliaJI j)A (jjjLLall ClUa (jc. a.lj, J (Jlai IjSJ tajji.uiA.il (_jaJI Jiliia. (jA <Cja , n a (jjjLa 1 .0 (Jc 

Learning ^aisull (V 

.represent IJ /i aI (j£aj ^l 3I behaviors Cjli^^alj facts (jSLLJI ^aIjJI 

Definitions ^Laill calij^a 

SAliS j <jll*a JJ^I jal^-all jl ^ Ag aII (jaiij (Jaa ^Uiull ^jli tjall (jaiaJI ^-a 4 j9jSI1a 1I ^1 Lilli ajjj_i»'i; ^ U . 'il l" 

:(JU\ (jAjii J) 

: ^ . L .... ' i ,ia (jjajU 

".Lni-aal <J (ijaii (jail SaiLa dlljjij <cl H^i jA ,1,111' 

I ^JLLlA jjljjaUJ 

M ^ u' (j^A.i La (JjIaI (Jja»j jl aLajI _jA ,l,ill" 

: (J nail A 

jg aII j^a A'aVI L] *P ^laYl (_jALLaj T g aII ajs (_>asj ^11 t_iijjlll ^-a E <j_)Vil! jjA ^1,1 t-jjAalaJI JW 

"E <j_} 2 all jjA P (^LLall aa^ui LaS T 

Major Paradigms of Machine Learning 4JV! <*iul AaaujII ^jUIll 

Rote (jjjjjll • 
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. IfrJ. W iJ sjIc. 1 (j^aj aS\ ji*. 4ij*JI JtLx t memorization j LL",„ vu 

Induction *lj3Uyi • 

(jjjla J ^Uiill (jl dip. example 4HaVI <kJjj ajL & learning by example ^Uid/L ^LuJI 

. aJ&l,ui.a]l 4j!iaVI (j-a AXLj-a_^_xi (jxi ^Ic. 

Analogy jJiIdll/JiiUill • 

^-ikLda tJJ (> cjdjkJI olpldill ^ ijjdll learning from similarities djlpldi]l 

. C-lLaj\»..a\l 4 aV.A. /ill £_ii^a]l ^ya jiii! jjj 

Genetic Algorithms CjlpjjIjSJI • 

jAj 4ppJI i> ‘mimicking processes nature 4 i smi L. 1I 4pJl*JI ^ hv iJ JJ£ 4_kJjj 

jljl aj (Jjiallj ‘j_pa]jj ‘a-liijVlj ‘^^JUflaSI ^1,’l'VnuV'j tdlLiLaxll^dlLaJla-all (J-ilaj 4 U, ,'lj < (JjL.n.aH (JaJ 4jjjjia 

• <lUall LU 

Reinforcement iJjkW • 

J\ il tCjljLiJI i> 4.U.,, <^a jl 4 jiL. <^l£-a ialujl ‘Learning from actions dJ.ia.Vlj 

. l$jlj -Ip. djl-la^/l 

Planning kJa^lll (A 

i^ya “iljit-a 4 .Imi\mi jn»j 4jl LaS t (Jjl* ha]' (JjaJ ^.*lVinn 4j~iVi i-*ll,‘^ _jAj ‘(JLa&VI (ji*-a _jL.ii a, 1 (Jj i4 1 _jA L 11 L 1 V 1 II 

.La i—S.1& jjidll (JlsiiVI 
Planning programs L. Lv.l t ^tjj 

. Jpj Cjljlpj ‘4 m xi (JjLv (jc. nJlstiVI (jc. JjdLJI jjjtill (jc. Jjjlaja. ‘Ljjp ^JlxSI (jc. Jjjlijaj Idj 

Benefits of planning LiL- vil l dl^a 

dip]l Jjlii - \ 
dlLjajLtall 4 K * .xi (_Ja, — Y 
.»t J-iAVI (jiLuil ^j-iai — V 

Strategy for planning L;Lv II CjLiajljjjail 

. (jdx-a l OA jl^jV A^n j vjnljLuaj (jjUaJI (j-a «Jjj 0-aljJI 4(JIx9VI (j-a A-LoiLoj _la£3 1 

Epistemology 

:<LaLdl IjjLi^. ^3 A-9^)x-JI jj-a A ^Ijl cJliAj 6A^)x-JI AjJaj ^A ^ajj*aJ aojV 1 

.(aJjJI l c^liLoj (Jxaj l_.q : }5y A^x-a — ^ 

.JaJjJallj La ajj Ai^)x-a — Y 

. AjjAxa jl Ai^)x-a — V 

(jl (jl (jlS _jLjc.VL -1^.VI 6^)J^)Jdl3 (^Jjlall -ilijC«VI j A^x-^ll AjojIjJ ^A I 

.filj^l (J 5 Sljua 1 I (^3 L<^ t ?(if and only if^ a_is1^1Ij ojj^jall Jaj^*iJI ^a La Jlj-uaS c (s- 3 ) 
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AAt&aJI jjj £LUj£ SijxLl jj JLui 

ta_uLua <_J jl JajuiJ i»_J jl i _Sjaj jj jfLil 

. i—LLua i—J jl 4jLajL jXjuLa jj jlj . i_uLua t_J jl jjjj (_>a 

S knows that P if and only if P is true; 

S believes that P is true; and S is justified in believing that P is true. 

.AjalS jjc. <LLJI CjU »n-sII jl Gettier j/Tijn ^^ij 

. Ujn. jj ^JLJil ^3 (Jjlut-all (JaJ JjU-i-a jj£j Jill “tijxkl ^Ijjl “LmljJ j& ^xjtjnjuuL/I 

Ontology jjaJI ^s. . 

j& Ijnj]l ^kj tLa JjLLaj Jl jl LIxS IjnjJI cbJo'yi £Jnkua <uiljlj Jlxll dllIjnjklj Jgj Ijn-jJI ^lc. 

dliiLlxlIj jl-ikil lilli objects dklfJil jc. jj* a <\i cUacJ unjj jjxn Jjtiaj Jk .j data model oIjIjj ^ijxj 

.l^iu relations 

A Lij"s .all A \ nil jc. t“J)xkl (Jjllaj (JlfLuil jj (JfLk ^C.IjkuaL/I ckLH ^3 ^CjIJj^jaII jl^ .Ij2Lj]| ^alc. nnjj 

:J l&^aj -• ' a ; LajfC. JJI Ia&j . 1 g m fja. jl (Jxll) 

.^nVl jl ^uLm^\ (jjj.ui.aHj CjUjISII jbj individuals iljVl - 
.dLuliJI (j-o £-ljjl jl CjIxaxj tdlcjxaua :Cl3SSeS dUall — 
j\ characteristics dlLJj* jl features oljj^ J properties j* :Attributes cAkall - 

. jj 4 j kjik ji jjkl kk qjSj jl jku parameters kjkj 
. ji-VI Ia^.Ij dljjlSSI Igj Joijjj jl 4kjia relations dliiUxll — 

.conceptualization JL ljrA ^ U jl JJI ^1 flk U ;? ,^.j Ontology dbjajkl J=. jSkuj 

Heuristics uLu&I! jja jl ^ 

^>jlc. (_^9j t^lc (Jkij Rule of thumb J^n-a L j^Ja jl t Jlx9j “uLajuu jjjlj3 Heuristics *_Lkill jjIj 

. Idyl IjLuI d jl jjltfLa (Jayj i tjljul In. . IjqVi j^jj jy^JJ Aj^jjljn. i—Lu^ll JjiaS <_JjuilnJI 

(jjlill ^Inlluiij iA a\ a jl <aj3I A qK'il (J<n*s a Innu qi jl ^Jjuiln. fill (_^k (JjuanJLj i_LuiSLH L a )Jn ^"ig'i 

oilA .“Calj JJC. ClLajlxn jl slaxn (JjLuu 4^n.ljn Hie. lillij t(Jjl_ufa]l (JnJj t jjdll (Jjx^nnJIj tdljlja]l ^ n ^il *_ LulSLII 

. L_Sjjia]l i_ikl Cmj Idn. (Jaxj jjjljaSI 

5Jaaj i»i ^ (jjUl ^, iVn .n heuristic functions dlk£VI/<-ki£il Jlji tAI programs ^UkuaVI fkiill ^nljj 
jjn.VI j-a (Jii-ril s3n.lj djl£ lil i_aLujj£lj jdkaj ^iVinu lilliSj tgoal state i. V’lgll “illnJI jc. node La 

.l_J ^Jl Jl Jj*-ajll 
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Genetic programming (GP) AoLaJI (^ Y 

i**n-s ^gjj'iui-all ^Jle (J.. 1 '***' 1 £y* *'■£?' c-LAijV automated method <cLaj^o Ak^k 4yy\\l 

^.'I'v'nin Cip>. t‘UL. ha]I (_k_j t ul~s t^lui^t] ^laJI ^gjiui-all CjlAki-a ^ya (GP^ 4 iij-nH 

k CjIjIts jkjk ^,lkj ‘UL.ua]' <jc. (J^amiaH “Lille. Cjjkdl |^lVin A^j (jiuiiVI 

:GP jj_jkJ 4mj$ 4jju>LuiI ^_ysu\ 4 uia~s J-iau (jl ^,*iVnu.al' ^ya l kk jjj . SlWifl 

.functions Jljklj tconstants ckjlilj tvariables CjljkkJk terminals kkajk]l 5^^ - 

. 4_lulLuJ(J!j.AI ‘ic.JA’N A ~ 

AcjAa-a individuals jIjsVl kkXa o=^ kkj Fitness measure <*£0 - 

.Run ( ^vA I parameters Cjljkia J\ Akkj - 

.Run JjjLkUb kk jbj^ ^4j3l criterion jlakl - 

L-j'-UiuV' kaxaj 4jkik! (jC. Aplajjakl <3 j__)Xa]I dlljlrsll ^ya ^Auilui kTi ^ n'N 11 Run (Jj» *~.Yn ).kii 


.(flowchart 
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Applications of Al 

Game playing 4_adtl Jjiku 

(_gjjaa3l ^jIuiaILj (^c-ULu-aVI e-l^ikl i_sIaaI £iij Jj 4j 3 I Ac-ljll JLxkl t^ulc-lij <_jjaaila. £t_oljj JSs GameS i_jbdYI 

t<JAc.VI :VliLa ^c.1 >^il c-lfii cjljlj£ pLijl a ^h.-ii i—iLJYl_j .human - level 

. (Jxo Llju Jill 4-aC.UI 0 waj-> t'MIj 

:j lgjLij*j Jj A u~\ I <I£^iua _jA <i».\ll (J,)».ui1 
.board l_i*J 1I :Initial state jJalYI 3JL*JI - 
.successor states *UjYI caYUJI *Uj :Expand function k^^kl <1IJI - 

.^UJI <1UJ| :Cost function a!\A I - 

:Goal test i—s^JI — 


ijltill i ^-i^k ILj i a i 4j*lll .'.’jj 

. (jax3j!La jjc. elAfrl — 

. «.Iac-YI (j^ J .liAau “k.LsJI — 

Jais «.Iac-YI -lay (jl Y$ 4_iiaj oAa] dlAi. cJliA (j£j ^al (jl <La^ 4j*lll g;t^-i"l :4_iiaj]l JjAiJI — 

. l_ uJJb 

: Computer Games Ajj^bJI uUJYI 

t^Jb_}JI AaxI Jla (JjJaSl i—lljJI ^aAaj tl&jJC-j I'iillj Lal.Jl£ I^.ut.UI (JUajY A^jUauo dlLjJxAa ^auj (—lluil^aJI 

. ?(jj£L&j _ja. 4a*J (J!la (J^s An 1 g .a.vij ajjjjiLsJI (JljLa uilujl iJljgJ IJ& £-aj 

t Chess i_uJ ^2 f_)si j^jYI jl ^ Deep Blue _jL i—y.^ ...JI i_jjjjLaJI ^^aLj jli Jilj 

.Gary Kasparov jijdl ^jJ\ ^Ull Jkj ^ 

Speech Recognition ^ Lijautl (Y 

(JjJaAa ^aYl£]l ^Jc. I_S_)*j]l eLalc. (JaAJjJ a^ ^ ^ * ^alc. (j-0 ^LuiLui ^11 ^Yl£]l CjljLuol (Jj_j3U <jLaC. 

.0 -a (_pal__)C.I ^_g'q—a l 

(jjjLall (jl (jj.g’lVnu.ail L-lic.1 jjl VI t La lc_jj (J_jjLa g n^~il tjjialjaJI ^aVlk]l *_Sj*j]l ^al.’i-s'inil jjl 

Gall CjLallS-all <ja.jjj tVoice dialing ^jj.^ill Jl.WiVI _^a jtixkl ^l.’i'v'nuV'j t<kVLa ^iSI (J-^n ^uIaaII 

.Speaker recognition ( aKi a ]l ^ i_jj*klj tData entry CjULuII JU.ij t routing 
AjjaJI i^kkll ^ ja^JI ^ILj ^ s^jkl t The spoken language interface kaKiall kdll <^lj ^-a^j 
JL-ajVI JVLa. (j^a ^)^*sll t. Ijakj t jlj.kll CjLa_jla-a ^ a U_a j)_i.a, Wnn.all tEAASY SABRE A. ik^aVI 

Understanding Natural Language 3.«nkll 1*11) ^ (r 

. Ig -ag^j A |» ikll (jluiiVI Cjlill i." la’lj^a jaGallj jaJgJ NLP A |» ikll 4,il]l <aJl*-a 
Natural language generation system ^j »n kll <ilII ^tki 
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normal-sounding ajjUJI oI^Vl ajj^LsJI databases CjLsLu a&IjS CjU^kJI Jjpu ja 

.human language ^Lj^LJI 

Natural language understanding system 4j .n L.ll 4illl 
^-aljj (_Jj 9 (j-o 4^Jbual] Jaajul (j_jSL i" n**»J t(jfLaJ La jp£l ^ 1 ^, T* £ ‘ 1,a (Jjl-a’i (_gJI 4 jjLo 2I 4jtill j)A CjLaC. (J_jaj 


. AJ^-aaLaJI 


Some major tasks in NLP 4_*_nk]l CjLJII ^?JL<-a (_p=ju 

.pis (^Sj <iill Jjij :Text-to-Speech (TTS) system fUau 

.olaKlI ;> <luilui f^Sl\ oljUj <Aao:Speech recognition (SR) system ^31*5) Lij*UI ^UaJ 
Jl WuJJI CililSI 0-1^. Ij piSJI j\ u-ajJI ^jn :Machine translation (MT) system 4JVI 3 -o.jj fUau 


Ltia CjLLuII agIJ <> cjlajkJI jc. L’^n :Information retrieval (IR) system cjUjIsuaJI £UjU ^Uaj 

.aluljjjVI jl i—ujl jl 

Computer Vision u>wUJI Ajjj (i 

j ^Digital Image Processing ^ajJI Jr ^\\ <JU_a :oVU-a j> jl£sVlj CjLa&Ij t^liall <> L nK ^ 
.Computer Graphics a_jj^UJL ^J\j <. ^lik-aVI *1 £a1Ij tPattern Recognition .LLoiVl J& 

4jjj^ulaJI CjljAalflllj 4jJu]l (jjjJI jJ] d)Llia.Aa]l (j£J t3 _ D Objects 4. 3' “LijLIj Cjljjl£ ^ya (jJjj ILSj^. JjJI (jl ^laj 

. 2-D jbuLM <jjLL ^a 


tAtill -LjjHj 4jJa. CjLajLua ^ lU-iTl i—Jjml-sl 1 4 ;K1I 4jjJI (jfLS t2 _ D (jjAu £-a Jja^a (j5Lal (Ja*j oJuiall ^c-ajl (_p=uu 

. At-JI 4 _uLj AALLa <C-_^a2^a Laa (."hall Jill 

£-a JlaJI _jA LaS oJja. i"n.nl Jfcj ‘iJulAa Ajl 2I “LuLLi CjLajLuall (JiLaal eJj4-\ a (Jjjia -J=La9 Asa_yJ CjSjII 


. (jLuuLd ^ Jl ^1 ' i 'S~n t j/ \ 

: Examples 4Jial 

.^aljJI sLa ^L,n'l :Face recognition 4 aJI Jc- i_Sj*li]l _ 

:Autonomous driving 4 Van .,«\\ sjUJI - 
i_SjJall (JS (_^J t4iiillj ajJlj (_>“/(» *t V (Jj^uaJ (jLai j^JI (j L> 1 *~Mj (ja V3n (jUll 4jjC. JjSj ALVIN N ^tlaj 


.4ai.liAll 

(j<n-»aH tBaggage inspection ^laVI tHandwriting aJI 4jLi£ ^ CllLal.'jVuJ — 

.Photo interpretation \ ^ij ^Manufacturing inspection ^u^ll 

Expert Systems SjjuaJ) ^uJl (o 

Aja* \ ^aUajll (jjjljill oiA -o Ax^j^'V.q (JSuuaJ djljrvllj 


. CllfljJt 

a^^\-\aW CjljjiJI Man-machine system AJVI-J^jJil ^Usu 

. JaLuJI oAA (_pa*J (Jaa. ojl^-aj t(jt\'-all (j-a (JjLuiaII ^3j tjjjaua j^3_)*-a 
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Knowledge base Sjclia 

(j -0 i 1 ul **» yj 4j_j3j*j La embody rnmVij i Ah< eljjiJI bLlLaJ <3j*-a]l (jaj.Vlg .a 

. ^Ig-a3! ypa*j 

.AjjJVI j»bil £_gj.3*JI yj.nj'V rim ^._jSu (jlSij tajn-vll (Jjl (jl£s ^ ^ V £ jal*Jil ^^3 MYCIN j»Qaj 

:Mla i (jjjjLuijV I cljj-sll “ti^puatl ^^Ic. oj.ij'sll 

j\ CjUL*B ^UaiVl ^'iVn .n :Diagnosis and Troubleshooting JisJI 

.^Hax-al! 

JUiVI ^ f~-^^-v ^ Y v s '-^. i—sIjiaVI (j-o 4£.jAa^a (Jla-j :Planning and Scheduling bib-Villj 

.(jljjlallj 4j^aJ! Jjajlrsll “Uj.l2». !i>lila un-sll ^3 oi_j2».Lall i_Sj__)la]lj 

tcjl£pil cjliLabj *4^' financial Decision Making <JUI oljljill <cli^ 

• U-?i^b 4jil*ilall jlaliwall ^^Ic. *— 

toVbtikV' <h^Lcj .l^Sj yi dibliJ! Jjk^ : Process Monitoring and Control oUL«JI ^Vi\ l 

. t-UrsVI .Wi t4jt9j!La]l Cjl^.j!i]lj 


www.myreaders.info/html/artificial_intelligence.html qc . itii ^15 JT jIj^I <> «^,-. hU.^v i e l£jj| .jc. Ji 










99 - 


References 


( _ 5 Jc. !^gC. ULu-aVl elSill ^jlfr i s-t\i^ya (JjVI (Ji^->q\l 4 “La^jj _jA t. n"Kll 

www.myreaders.info/html/artificial_intelligence.html 

Textbooks i_u£Lll ciutfij 

1. "Artificial Intelligence", by Elaine Rich and Kevin Knight, (2006), McGraw Hill companies 
Inc., Chapter 1-22, page 1-613. 

2. "Artificial Intelligence: A Modern Approach" by Stuart Russell and Peter Norvig, (2002), 
Prentice Hall, Chapter 1-27, page 1-1057. 

3. "Computational Intelligence: A Logical Approach", by David Poole, Alan Mackworth, and 
Randy Goebel, (1998), Oxford University Press, Chapter 1-12, page 1-608. 

4. "Artificial Intelligence: Structures and Strategies for Complex Problem Solving", by 
George F. Luger, (2002), Addison-Wesley, Chapter 1- 16, page 1-743. 

5. "Al: A New Synthesis", by Nils J. Nilsson, (1998), Morgan Kaufmann Inc., Chapter 
1-25, Page 1-493. 

6. "Artificial Intelligence: Theory and Practice", by Thomas Dean, (1994), Addison-Wesley, 
Chapter 1-10, Page 1-650. 

7. Related documents from open source, mainly internet. An exhaustive list is being prepared 
for inclusion at a later date. 


www.myreaders.info/html/artificial_intelligence.html jc. ^13 JT jIac.1 ^ Ji 








99 - 


:<jpla 

.^Uk-aV! etSilb f-uiall www.myreaders.info J^kll ^ib jjjbc. 

Course Content jjkll 

: Introduction to Al ^UkuaVl ftsUl Jij 01 
Definitions, Goals of Al, Al Approaches, Al Techniques, Branches of Al, Applications of Al. 

:Problem Solving, Search and Control Strategies^**!!! cjLa^klj kau!lj Jjtukl 02 
General problem solving, Search and control strategies, Exhaustive searches, Heuristic search 
techniques, Constraint satisfaction problems (CSPs) and models . 

Knowledge Representations Issues, Predicate (jJljSJlj Jkklj lAij**!! JAaj £jk!j* 03 

:Logic, Rules 

Knowledge representation, KR using predicate logic, KR using rules. 

: Reasoning System - Symbolic , Statistical flua*,V!j jj*j!!lj j*ui!!l ^UaJ 04 
Reasoning - Over view, Symbolic reasoning, Statistical reasoning. 

: Game Playing 4_ud!! JjLu! 05 

Overview, Mini-Max search procedure, Game playing with Mini-Max, Alpha-Beta pruning. 

: Learning Systems <*!*!!! ^ 06 

Rote learning, Learning from example : Induction, Explanation Based Learning (EBL), 
Discovery, Clustering, Analogy, Neural net and genetic learning, Reinforcement learning. 

: Expert Systems SjjkJl fiii!! 07 
Knowledge acquisition, Knowledge base, Working memory, Inference engine, Expert system 
shells, Explanation, Application of expert systems. 

fundamentals of Neural Networks AxmasJl cALui!! Jj-aS 08 
Research history, Model of artificial neuron, Neural networks architectures, Learning methods 
in neural networks, Single-layer neural network system, Applications of neural networks. 

: Fundamentals of Genetic Algorithms Aka!! ujLajjljaJ! Jj^aS 09 
Search optimization algorithm, Evolutionary algorithm, Encoding, Operators of genetic 
algorithm, Basic genetic algorithm. 

:Natural Language Processing Aj«.nk!! cjlii!! 4aJU_« 10 
Introduction, Syntactic processing , Semantic and Pragmatic analysis. 

: Common Sense djiukl/f!*!! ^^aJ! 11 
Introduction, Formalization of common sense reasoning, Physical world, Common sense 
ontologies, Memory organization. 


www.myreaders.info/html/artificial_intelligence.html qc . ^13 Jl ^ Jl 




99 - 



f ISill ^Al ^_ji Jauju J^Aa 

(Ml JjUU J* 

Problem Solving Search and Control Strategies 


General Problem Solving • 

Search and Control Strategies j • 

jj£) Exhaustive Searches • 

Heuristic Search Techniques • 

Constraint Satisfaction Problems (CSPs) and Models ^ joUjj • 


Jl AAA <W*>i 

(jc. 
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: General Problem Solving JjLu^I 

i_4x*3j tAjlm-all e.Uia3 jjjJu t“ULaJI $.L^a9 t“ULu^a]l Ja. t<Sluut]l «.Lja3 tdlliyaj 

. ^JLubal' i_SJj*j 

: Search and Control Strategies uU^I^Lwtj £uuJl 

i CjLuuSLaSI toj-stall i.. jj£jj . Big — o jj-y CjU^jjljaJI el.il t a qU'i .0 Cjl*\U-u.-i.a 


CjI i-Njijjpjoil t^jj-iaJI <]ljj AiiSJI jjJsij iCiaall jjxj CllljlaJI tdiaall eL^a9 (JjlLojII iCiaJI Clllaojjlja. 

.A ;ql-sllj 4 _wLoV1 <\ui\uiSI u" l^»_ill A y-\ 

jjc) Exhaustive Searches <>Li3l di*JI 

• Ui’U'Oj'J^-i' (jjj 4jjlLa t^^asVI diajll <aojjl_ja. CliaJI 4_wjjlja. 


Heuristic Search Techniques &*JI CiLSSj 

CliaJI Cjlaajjlja. £-J_jjl t<a._jAll diajll ^^Ic. Jlio tdiaall I (jjjiallj CliaJI AjjlLa CliaJil (j^ajL-aa. 

.<a^a]l 


Constraint Satisfaction Problems (CSPs) and Models Li>II jjJ ^jUij JjIuw 

Jjj9 (JjLui-o t 4_iejjl_ja. ijLua.Vlj ^tliVI tL^a^ll JjjS ^iLaj t(CSPs) Jl <_jC- <lLal 

. i_yxs\ > CjLiejjl_ja 
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JdLill Jai ^aill U 

(jl j/LaJ La _jA t (JjLuiaII (j^a ^C'jj JljAj t ^C.1 'iLi. s-i'J ' c.l£i]l Cjliuiaj ^ya jji j1 ^joiLoiI j. .V' P j& (JjLuaall (Ja. 

(J^j (JjLuiaII oiAj t<Ajal jjiJI jl ajjIJI uj& a-jl m-s^ ^Problems Iik©^ <]LuuJI *>;i.» jl JLaaa (jjSL 

JJa A] (JjLuiaII sLa i^ya (JJs (jl i” 1 1 *\ i^^jtSlJI ^Jbdl (JjLaaa _jA l^.J IUJ 4(jj^aj_iaa lga.lajj Aj*Ja3 d)l«. Ijaj ^l.’iVnulj 


.4 -s .>ilj 

a.l£L]l IgJ jig 1 (_£jl]l LPbuaJI ^A ILAj ta-laaLadl (JaJI (jc* i‘ l-\ ill ajJuilj (Ja_i (jl jj a 1 ^Jt^jl ^JLdl (Jj Laaa a_llc-lj 

. ^ r- 1 'i!- . -W1 

acja^ a problem aSLJI jyad j d^LLa cjLslu <> JJJI ^tjj] cjljad ja Problem solving JjL*a1) J*j 

. operations ciil J*II ^y> Ac-j.a-N.aj «, objects dAiulsill ^ya ac-j^-n. aj tgoals i_sI^aVI (j-o 

.A]Luia 1I (Ja. (JLLj. ojjjiaij Jjj jjC i—ayyu jjjSL 33 l,3Aj 

valid A=yp^ll cjVLJI dua tabstract space 3ja* ja :Problem space ajLiaJI ?L2aa 

. dlljjl£]l (j-a ACj.a-N .a (_jl ^Jc dlljLa*JI (j^a Ac-j-a-N -a (_^V (_g_nL>'lll AiaaJjJ lga.tijl (jl j/Laj Jill t StateS 

. (Jjla a 3c jl 3a lj (Ja jjc (j;j"ia j (jl j/daj aSIuuJI e-1 ■ -A 3 c 

. ( alAA^I jjjjaj Jill djljjlfillj djliLudl (j-a Acj;,a-s.a jA SollltlOn JaJI 

^ tiA -a ^IjL diaJI i^jj t problem space aILiJI *Ljaa Solution Jail jc daaJI aj 3 ^ Search diaJlj 

.search control strategies diaJb ^vJ I djUauljU <> 
jjtLaUJI j t jn„yi Ua breadth-first search ^aVl diaJI j depth-first search ^Jjl di^Jl ^ y&j 

. a" i-> _itl CjI i-v nljlmV 
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General Problem solving JdUllJfr (> 

^A JjLjiaII U£j . UJax-aV I A_uiljJ ^jc> ^A (JjLuaaII j.uaj 

1,1a tlljLuj given dete sUax-a diljLij j! observed (^jiaIjulq) diljLij qa 

^VWj JjLaiJt 4cil]i 4 (_}aJI CjIjLijJI Sjuilxa L-jIa^IIj iDjjjjLbftll (jjjJaJI ^t.^Vnut Lajl-i (jSuuJI 

.model-based methods ^\yu s^uxJI \\ J SjuiIaaII JJC« ^)Jall ^llVunl 
Simon jjJL jp f noV J djLijj ja General Problem Solver (GPS) ^l*Jl JjIuaaJ! Ja. g-aUjj 

Jjj-ijj q^liuj (jj-aJlxi] clA^jV) ^lc« (GPS) ^jISj .(JjLuiaII Ja. 4 _LgLoi 31 aJVI s-UJ 4and Newell 
djliij jLa 4LuJaljj q\ Jaj (jl LjjLujI I^a ^jJaibauj 4 1 oqI c mechines CjVVI 

.gJJ Outfit L_ixlj 4 A-baJ^-l^Jl JjLoIaJIj 4 dAjjJaJI 

IjlA (jSLlj 46 ^.li£j LiiJaljj is^ JjLuiaII c^IL 4(_£^jIa ^ JjI A-lLoix J!Lq g^)Jj£ JjLuia GPS Ja. «lSj 

.Real - World ^ijiiaJI JjLu^ qa LI Ja ^-oLjJI 

r^j ^Laj A m a JjLuu* JaJ ^aUaj ^LJj 

.aJ^ aJLoloII JaJ AjjI^jII CjVL^JI cilliSj Jla^VI ^lajL 4<i^j aJLuiaII • 

Ax. jIIaII A diLuSill A-Lujlla ^Jc. ^)jjL IgJ (jjSj u' j/LaJ Jill <aljl <lllall lAjljoall AlajJ t <lli.nall (Jjlaj • 

. <ll,i.nall (Ja. (Jal (ja 

.<lli.ii.all (Jal <jjjj <3j*-oll ^Ipa (JjlLcJj (Jjc. • 

■ <jjU->xill <lbaall Jc. l^AnlaJj (J i>i^VI (Jail dlL Ja Jai jLnal • 

Problem Definitions <lLaall CjUj^ 

: Jtill ^11 ^tiaj i<i «.Uac.Vj relations elements lA^alic. (_3£>l3 (jc. <ll,uuill i_ sjj*j 

Laj t<lLuill oljjlSl configurations ( jaaa JaAi ^ill state space oVUJ .1 

. A 1 1 V 1 nix'll ^Li^ajVI tdli j^S 

OVtaJI lA i^xixill <11 .i.ha 1I Ja I Ay (jl jj^aJ ^^lil! iA i^xixill CjVIXI i. <li.ni ^^lill (CliVtall jl <llall lilii AjAaj .t 

.initial states <ylAyVl oVUJI 

.goal States i. V^ll CjVtaJtj ^A. 1 .^ CjVlaJI oAA (<11 .uia 11 <l_yLa (J_jla (jjSj bajj (_5^1l OVtaJI jl <llaJI JbAaj .V" 

.<al!Lall ^(JUui'JI) (Jlx3VI *_< i .-i’ (_g-^ll (jjjljall <c-j[<i'N xi AjAaj . £ 

«.LUa3 jjC. l^ASj (Janj (_5^1! (<fuill*ll ^a£ajll lAjlyajjljILal ^-a <aJjj£ ((jjjljall ^alAaLail A J-iml_y (J=*-> (jl (j-a <11 1 ,nail (j^aj 

.i—aA^JI <llall Jl <uIAjj'JI <llal! (ja jLuiall jlajl Jj Jia <11.i.nail 
JLa ^AaluU Jill <al*JI <JVI jil’jj ((Jjli.nall (Ja CjlaLaC. ^^auLuil <ija diaallj (Search Cliaall J i_Sjjj <iLa*JI oAA 
sjAiilyall (jjall 0aA <jLaC. limji (_ja!I frameWOTk (JaaJI jUal Cjaall ^ASj .. Jyalj t<i_jjxa JJC. sjailyall t q Jail dulS 

< 11 . ..all (ja f. Ijal (Jal 
y (JjLuiaS. ^C.1 ~.-~i..-iV 1 (it^llll (JjLuia (ja AAc. *lj.l ~..-i Jjj 
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Search and Control Strategies -fj " 11 (v 

idiauJlj ^Vi 11 ilil i-v illjlml 4 '■it'i'V.a Crsall jjjju c-LiaS ^3 (Jjla. (jc. 4~’i^.;ll ^1 ^ A aKH 

. c-L^aS ^3 A l-iViH ^11 (J_ja^a_j]l 4a3 ^ajj 4 _ujjj]I -laC A l~i * nl^j A 

:4jHj 1I jlsuVI ^ i. - ’ Cjliijjljluil j=jSjj 

Space complexity <]LuJI fLia Time complexity <aKll) cijll aiuj Completeness ? LuJI 

.Optimality JaJI aJiJj 

. AjLjajijljiuilj diLbajjl(j-aj 4 A aq .all 4 " i^. Jill CjlaALu^a^ (_pa*j ^_iJa_jiuj Iaj3 

Search related terms 4ikl« ciUlk^aj d^JI .\ 


Search d*aJI . Y 

.1—a^JI “UlaAl Jl start/root j.laJI/Ajjl.iij'yi “UlaAl jL.ha]I 4Aj*-a (J^.i i^ya iJliVta. <c-j;.a-N a 1 ^^allaj jliii.1 jA tliaJI 
tJjjasVl “CLa.yi ^_gJ] 4 _i3^xa 1I (Jjljbll i—oAufLj Jack of knowledge 4i_)*-a]l (_>-aaj (jA ^clii sjIe. ciiaJI 

. L_a^JI “illaAl £-a (_jjUaij ^^aII “UlaJI ^1 <jj!j£uVl “UlaAl (j-o jLaaS <_p ajau t4jLa.l jA CliaJI allla^a^a 

:general-purpose o^j^' JjLaaII J* J*V i#l» jA Search 

CliaJI (JjjJa tl —lajll «.L^a3 JlLaj AajLnll oj-s .'.ill ^3 A i i» a ^_y ajl .^i~\ ^^ill nodes Jaliill jCajV Clxajll (Ja*j 

jlrk J\ ;> ja Vil l (jj^ a^A I CjIjI^JI t'intelligently" JIAu search space drsJI *l^aa iJU&iuL 

Search tree &aJI Sjaui 


4 ** i j 11 jjjIxa (_^a*j (JjSj tCjljLu]l j^aljc. (jc. 4 " 1 ^. ill ojCal ‘La.’lVnu.a 4J1 iIjj!1uia 1I sJJi*!Lo (JajI^A ^yk 4“i*s jll 





ialaill l_iai£luU_5 root jJlaJI -lie. 4 : ’l^. ill I^JJ 
jd\ goal node a Wq il l jc 4 “^il l nodes 

.“ULuiaII 1 gjlc~- iajjaill j! 1_ijjiall 

aJ^jLo A ]-i1 1 jj o£j ^3 4 (JjLuia 1I (_pa*J (JAJ 

.JjUull Jliall ^ Jj N j /'U'U ^la 4 JaJl 
Vjj 3 jj£VI J A J-iVllI (jj£j (Jjl 4 ha 1 I (_paaj 
. A J-iVlll 4JJ3VI 
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Search Algorithms diaJI 

aUlLuajjljAjI Lm ■ ,'’i V * \a* d' ^Jjl, . ...all j l ^ r. 1 U, dVI ol£Lll adilniaj ji.hhu'i <J,*I llq'lll jA jd£ 

AaaoLsJI adldiull ^ya ^)d£ jJjkj M3 tallli e-Ljj t^L^ll (jA^lIj <^' ‘dqll .ij.i 2 > ^yajJa a_ll_jaJI .iLaul AjAiIaJI 

l _ s ^ heuristic functions i_kd£ll Jljj ^Vn .n ^1 CjUojjIjiJIj aheuristic functions i_kd£ll Jljj -1 ■w~,„ h 
*bi ^jSj tA-£i l$i£j jJjj <^a ilia. Aki iiuJi a..id£ll CjUojjljS.j ^heuristic algorithms a_kd £11 djLwjjlj£. 

jLua A_i 2 ajal allllLull ^ya feedback kkjll Aj.iijll allljAaA -id.il IgjV 4o«.li£ jj£i Ljaal i_sd£ll dlLlxjjl^dj tCdas! 


. aka-ill 

<> eBrute-force *LiA*ll-ojiill d^ dA^jjljd j! Uninformed search a^jaII jjc diaJI dd^jjljd • 

. aII-uaH A jU-i’Ti La (jjjUaJ jLd <jl£ IjJ La (_kll A i£.a.all aliljLidll (J£ ^aJJ 1 i” l*a ill «.LUa9 (JLLa, 

(jj£i Jljdl 0 La ti_LL£11 Jljj CjLwjjljdJI oLa ^Vu d Informed search <U$a 1I d*aoll adkdijl_?£■ • 

^Lll /^ajll A_ia£ JjlVil IJjk-a dUij 1a” I*s ill oLlaS JLLd J_ja dl2^allj j null 1 g qj 13—i*i ^ajjj 4 AJLuia 1I ^ Un-s A a 

. a" i-n ill Ajij j.'.l,.,.,.) 

Traveling JljoJI ^jbll aJL^j t a^ja jjc. d, v ojjldLa iA Li%l I A^.ja dlau cl.il ladad o.ii-sll i_kd£ll A_ill 
i_jlLu£l (> tgood solution juoJI JoJI a_sLii£l aJugJI (jj£j du=. tdllil Jlda Salesman Problem (TSP) 

.best solution JdniLM JaJI 

a jL.haIL j/nll aIImaII (J_j^ A-ilkll djLa_jl*-all ^1,’lVnuL diadil i^TSP^ <J_jdLall ^ILJI aIIuia! <gjLLall (JjLu^all 

JlC.Luij dil iiVill aLk tjJjJaSL/l (j£^all 1 _iLSSI Laid (jl V Ajl ^-a tAj ^fLj *_S^ll ^^11 

. ^jjl_ja*-a f. LUaSj (>j (JLld. a . (JaaJI l _aLuiu£l ^3 

; l^xa Aijja-all a" i-«> ill CjLi-ajjljd. (^a JJlC. dlllAj 


Generate and Test Search (_paj!l3l a" \ . 1 
Best-first Search Vjl JaJaaV' Cf- l ^=^' 

Greedy Search ^UUI di^JI .r 
A* Search A* diaJ! . £ 
Constraint Search ijdlL Lii^JI .o 
Means-ends analysis Ajjlkdi! Ajl^jll Juki .1 

.Igda Aj£^a jl lg 1C. oj_jka dljl£ djliajjl_ji. lilliAj 

Hierarchical Representation of Search Algorithms dtaJI (JA 4 ^' 

JJC-J A^ajkl Ciakl LaAj a't-Njll QUajiLuiVI (jjaalk^ailllj IaL (^Aj 4 oll.il (JSLjlll ^Uaj-a diajll alikajjljd 1.1kI (J^-aJ 

J^ldll Ldskl jl brute-force Aij^all SjSlI d^ ImJ Uninformed Search A^jdll jjc Ldskl 4 A^^all 
.lyiS (j_j£j V dllilj tdiakl jLdjV aILoJI djLa^ka ^^dLd V aJj 4 blind diaJI J\ exhaustive 
^£L 1 I Ldakl J heuristic search i_kd£11 aJT ^ dr*JL LjJ\ Informed Search A^^aJI di^klj 
Alkll ^gJI AiLuLttll Salt tdioajll o^c-Loba (J ^.1 (j-a aILuiaII (jc. a qnnA djLa_jla-a ^.iVnui a_i 3 j tintelligent search 

.UlLa oJiC-luiAll djLa_jLua jj^aal o.ijVn Lallj (J^aaII ^ya (jj£j V ^3 Aj£lj tlya£ alroall (j_j£j l^lj a Vigil 
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Fig. Different Search Algorithms 


Search Space fL2aa 

\ (jjjJajj li&j . diaJI g.1.--I 3 Lo A K /it a (jl (jfLaj 4CjVt^JI A£.j)A~\ a _jA 

. 'g in Iaj9 (JaajIjjII 4_ill 

.Goal state 4JI2JII Start ajIjuII ^a jLaa]I .is. iJliLo 
(jjj Cjlslm-all edcjes *_(jlj 4 (jjia]I vertices J 



:o!>lc.i (JSojiSI LuJ 
t Initial State S .IjjjVI ^JUll 

tG 

. CIjIsLuiaII Jjaj -lajJ-l**. llj 4 ^jAaII JlLaj Jaliill 
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Formal Statement 4 JL*a 11 jljl 

(JjLuiaII j^ jjjfi “JJj t4-i*Ala Ajtli 1 g \c- j m’lll la-Jln .all OVliall * _ a * .-> • Jill CjIjLJI j^ A£.ja~\ a jA aJI u.a]' (Jak 

.<L*Jalsila]l CjLalflll jl gjjl-i util <JU.iuiS tl-Jj)U->.all <_i-ijl ^Jl J>jSU Jill JUtS'VI A 1 . i'll 11 I_sLuiiSilj ''J ^ J j£-aJ 

j-a jia.lj J£ ti_j.JI “Ulak jkj JjIJI 4 JLJII Jl <11^11 j-a jji Jill (JlsiiVt ^.L,nL.u <_aUu^l jA a Vjl jJjj 

.“illaJI jjiu (JlaiVI aliA 


; Jja. (J.&UI .1 <3jx-o <1 Lui* 7: jj-aj Jj LaaS 


.(S) AajIJlLVI AJlaJI — 

:ajjjj3I JIJ1 J) tAJliuVI CjVUJI J Operator or successor function SjjjaII JljjJI - 
. Ai.lj (Jxsj x <11^11 Igjll JJ^JI j£aJI CaVl^ll <c.jxi-n a s(x) “UUI lil auu x <31^. JSJ 

.JlatSVI j-a 4.L.H.L.U jj\ ^I’l's'iniLj “Lil-lall j^ (JjxaaJI A \ *\aa CliVl^kll i_J£ iState Space J f- U^3 a — 

. CliiJI a' j-a aIuiIui :Path jLuiaII ~ 

<jja3l JUiV' ^■a’N; JaJJI jLuiaII A qK’i i_Luiakjj tAilaHj jluuill (jjj -lajjj <3l.i£i Path COSt jLu*a]| A,4\y — 

. jlui-all JJa ^Jc. 0 ’'Vi.all 

.(G) (JjfJI illbJI - 

.<■ Vjl <UlaJI Ajjlgjll ‘UlaaJI (jj£ (j^a jsfatill jji.1 :Goal test t a, Jl jLIil — 


Search notations daajl ^^JaLJI J>«J' 

jj-ajllj ti-j-JI “UlaJI Jc. j.}JI “ULaJI jl JJI j^ jl.ui.all i_sluu£V CjVI^H ^a'hill jliiiLVI jA aliajl jl lialc. 

I Jfc i” l*s ill i_ij*iil ‘La.’lViui.all 

.n a l-<Vill (J^lik a qK'i (JSVI (J^JI jJii Jill jaiiilll “Ul^ jk f(n) <lljill 
.ei^JI <Iaiill Jl n <Uill j* <iK Jat jluiJI Jll a \M\ <lb ^ h(n) <1WI 

.n A l-iVill Jl <jl Jl A liq'i j^ A qK'i <Jal jluiJI j.laj ^jll AilSoll < 11 ^ 9 (^) ^- 51^1 

: j^jlilb “Cj^lall JajLuJI sJA jJJ <s!)laJI jc. joajj 


f ( n ) = g(n) + h(n) 


actual estimate 

Start -> n -> 

v_ _/v_ 


Goal 


g(n) 


h(n) 


'— 


-~V- 

f ( n) 


jj£j h(n) “Laa3 jl5 I ._^^11 (J] n A InVill j^a j ■ ^»aV I jl.ui-all A il» qll A ^K’lll ^jluU jl j-a (Jal h(fl) alul£ |j) 

. Jal£ jjc h(n) J SjoLall Jiall J\ J under-estimate Jjiall 
: j j£j l^jc. J^*J h j Q j f J ’aJ.aH jjll 

F A (n)= G A (n)+H A (n) 
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. H A h* A AjIjSII hjmn J^.1 L>°J 

Estimate Cost Function g* 4il£tfl 4Jb jjjii 

a kV\] L_iLua^j g*(n) i g*(n) -j aJ a J-A ill a_sI.iJI <j>a a_41£j JaVI jLuiaII <jl l^>c. 

«^.jj ^jLuui l^JUa tQ V = 9 coj~n dla-Jl e-L-iaS <jl£ bj tA_illaJl A-ll^Jl Ajl«lJl djjjLauftll 

u' ajjjj-Calla (JjJ J tgraph talaa CacJI c-lCaS (jj^J laic. (J5\uu j/Jj tjlLaJI <Jaka]l Jl JIJI 4-laaa 
(jc. Ll..-I 3 iJlLaL/l jL-.-Jl <il£j jj-a (Jal g* jjj£j (jl an V 4jij tg" > g jjSiliS tlalaa i."l*s_ill c-LCaS (jl£i ILIj 
. jaSi <9.3a lAjlaai.1 J uj graph jW' J^ii j g -i w— g* uj^ u' lA^j t'ij^La]l AilSall jjlajj ^ilinul 

Estimate Heuristic Function h* (JuiSJI 4Jb jjjSj 

4j]T CjLaJa-a ^Jts h" j)l i.” 11 *\ t h '(n) _j <] j-aja *_S.3JI A ]-<qI JJ n A 1-iVlll (j-a A qKi JsL/l jLuiaII jaJL (jl *_S_)*j 

.?i_S.JI “ULaJI ^Jl jllaJI A LiVill (j-a (J_ja-aJI <jj» -.-i (_£Ca La iLlLa . jj.3aa]l jl (j ;.a Vill (JLaj Jill t*_ill CaLLI 

ckb J h* J (j£ajj t <Lai]l cllj "goodness" l> J& jtl f(n) ^\\ 3Jta ^ h-Vn Aa La ALliul h* A-aas jaJS jLu 

23 jjjfLa Ljjli h* = h Caal£ ILIj t A qfi-s.a Caa-a Aa-ajjlji. J*j Jallj 0 < h*(n) < h(n) (jaa Ja ( _ s Iill Jilli t<alaa-a LaaS 

. “JUI (jc. o^alj ialij ^3 Cia^LSI ^2c. Lm t 'perfeCt heuristic" jl ‘LalliLall i_jaifi]l “Laa3 ^C. I 'll k^-\ 

Control Strategies ^iLaall Aaajj|>luil .r 

A qL-s ai (jj£a CaaJla ^^"ill A nljaaail tCaaall CalaLac. ojl^V f -.^^."i <a^aalj!luil ^ iILi'ii tAJL.aaJI a-Laiaa ^ <aL^] (jc. Caaaall 
: a_ 5 -La L&a3 A >>i_^a CaaJla ^ Vill Calj-Nj'ijjjaail (_pa*jj . ^Vill Cal 17 . nljlml (j-a aJCs^-a ^Ijal A L>mlja (jiaCaj ( ^l_jaL/l 

Forward search ^LaVI ^auil 

idata - directed J -Laa^LJI oiAj ta_al_jaJI 0 L 2 CL -LaalCaaL/l <11^11 (j-a Ci-n ill i—aLCSluila ^■slll <aCjljluil (Ji-alja laA 

.Calalaal! j^j <aa.jall 

Backward search CiaJ) 

t^aalCaaL/l “ULaJI Lai ola-aL ^‘Laal^all <]LaJil jl^ i_a^JI “ULLII jj-a 1 11 a^c. lg ! W; i_jLi£ilujLi ^‘sVill filjlml (_L-alja3 LaA Lai 

.goal directed a V~lgll _jaC < 2 wjaHa ^aul -Laa^iall oLAj t'ULuaail (_54)a>. (Ja*. oLsCla ji 

Both forward and backward search ^jiiaJlj ^LaVI 

.^^-aLaVlj ^ql-sll Caa>ai]l (j-a mixture <Iaiai-a A i-Njiljlmla lg''W; a ^■s'lll A j-n jiljjjaij tlaA 

Systematic search ^JaUI da^JI 

tCaa-all «.LCaS (J£ 1 _al ,-V ^.hna'i i^blind a.la-ac I j '■■ < n^ <-aJaa-a -L^a^ia j (Ijaiuaaa Caaaalt g.1..-I 3 jjjSa LaCic ^.’iVna'i 

.breath-first search LS sh\ Caa^llj depth-first search ^Ijl CaaJI :La* (jaa^L 

Heuristic search ui-^ll aJL L^lSI 

aJc-l,.,.id ^jnnill CaliU-s'nuLU (_)aaalLall (_paxa .^Il-a'i ^Aj t‘LlL.aa'11 jjlAfa jl (JjLlaa “ij^a-a (_^Lc ..'iCia.i Caaaall L a jla (j-a 
a^cl.,..d (Jjiallj iheUristiC search a <all ^ Ci-s ilia ^auu a^cl,.,.;d CabLCjl ^CaCuia (_$L3I Ci*s;ll tCi-v ill Jc. 

.heuristic UuiSlI aJI ^.-a.uLi i_Jui£JI ^^ic. 

,(J_jka-a (j-aj ^^3 Caa. (_Ja. (Jj)>^i*sII (jA-Caa <a^l tjJ-JaSL/l (J_jlaJI ^Jl V ^3 *_LuafLII “LJI i.” l*s ill (jl JaasL^ 
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Heuristic Search Algorithms aJL diaJI 

“ULxJI ^ja IjLaa jl tA^lui-all £.Lax9 ^3 UaUij (jjjAl (jl (jfLaAll i^ja Jill 'OSaaII .iJijjj tVj! • 

CliVLxil Ac.ja"\a £a I^jIc. (_Laxxaa]I “LlLaJI <jjlLa A J-imljj iA iqi'q-N Vjlx. dul£ La ILI aIaLxaII JJxJI j/i-n'i tj • 

-*■ °y" 

qa CliljLi-slI jjSj L/lj t4j thq/q-s JaJI Jjl£ ILI • 

More on Search Strategies cu^A\ cjLaa%iu<l jjc. 

■J£Uj !^aVa^\ a”I**. l\Lj I^aSLIc-j adjjJCJI (Jajsll (jjjljSj 4 _iaLa 

Condition-action rules Isj>aa ]1 Jaill 

jl [a, y 11 j (jla (jl£i IjJ J<;>a31j (jjjljall v.. n^'i a”n**>_i t^j^a-atl Jaajj t a )-L) ^a a-l^lj Jfc 
if < condition> then < conclusion > 


IF the light is red 


THEN 


Stop 


:Ltla 

:Rule: Red_Light ja^VI ^jla 
:Rule: GreenJJght jAixkL/l 


IF the light is green THEN Go 

Antecedent JjLaIII consequent jjUJI 

Chaining .u£LII 

jl Jaja iJjjauj La-iic-j tjjjjljill JfJ 'ajM ija]! (jAflj ^nVi Jj Jy -LajjJJI “LSjLaa Jjjiiillj ~l..-iL 

t Forward and Backward chaining ts ikJI ^aLaL/l \n?lH IjjJC-jj La&j i 1,\n?i <jli tjjjjljill Jyj J&\ 

.query-driven ^LUIaVL sjUIL data-driven cCjLlnL iAJl\ lc=J ^\M\ auS: ill 

Activation of Rules jyj'jS 

OVVlLaV I a .r> J (jtniiii La&j i ^UaJI Jj (jjjljail J_i» q~i\ (jtjaSja-a -lyiiillj ^^-aLaV I \nVill 

.Rule base jyjljSJI sjc-IS ja inferences 
Forward Chaining Algorithm ^alaVl Auaill aaajjIj. 

:CjLlnlL SjLallj a Ac. (JV^LaiVI IL& tjjjjljill aJfrlS (j A dlW^LuiVI 4_ii£i Jfc ' i-s t>!jl La£ 

Jj assertions ol.ii£tj AiLjal ^a tJJLa a Vvs Jl J^a^ll jix. ^ L>» ^ ^ja 

. Igil Lu£l 

\r^-a 1 j a ^ja I F a I \jJ^\ ^ ijjLLI JalLa working memory UaLdl s>Sljll diLCJI Qjlij ^LaV' Ayaillj 

.^iuiaJ (jliajj (jLjjla i_$\ 

Data Driven 


Data 

a = 1 
b = 2 


Rules 


Conclusion 


if a = 1 & b = 2 then c = 3, 
if c = 3 then d = 4 


d = 4 
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^laVI Jjjiiill : JliLa 
:4_ilti]l (jjjljall (j-a <jj£-a (jjjljall oAc-lii IlaS (jl£ I a) 


Rule 1: 

If A and C 

Then F 

Rule 2: 

If A and E 

Then G 

Rule 3: 

If B 

Then E 

Rule 4: 

If G 

Then D 


: (jl tliLul “ULuiaII CiilSj 

Prove that: If A and B true Then D is true 

■ a aAgl' “ULiJI ^A oA&j 
Aj^i ! 

(i) $ Start with input given A, B is true and then 

t start at Rule 1 and go forward / down till a rule 
“fires" is found. 

First iteration : 

(ii) $ Rule 3 fires : conclusion E is true 
t new knowledge found 

(iii) $ No other rule fires; 

$ end of first iteration. 

(iv) $ Goal not found; 

t new knowledge found at (ii); 

$ go for second iteration 
Second iteration : 

(v) $ Rule 2 fires : conclusion G is true 
$ new knowledge found 

(vi) $ Rule 4 fires : conclusion D is true 
$ Goal found; 

t Proved 

(jjjlall i^ya c-IAluI j)C. t" )**> n t A, B LaAj l SA^JI diLlLot-o £-a io!4c.l A_i^jjl_ji4l I Ail 

.aAc.tall E (jl ^A oAjAa. Ai^a-a (Ji.Ajj Aajj V"(jjjlaJI jjl Aao AiiaJI ^3 J^aIIjj teAii'n 

toAjAaJI <4>a-all j)-a aAiitnui iA_ijl4ll 4 jjIj£a 1I AjjlaJI JiaAjj A 4^.11 ^g'Vn (jjjljSlI (Jfs ^^ic. JljJ-a]l Aaj 

jA oAAj D (jl CjlliV £ (jjjlill Aai) (j^j ta_AjL*a G ^A oAjAa. AJ^)a-a (JiwAjj \ j|jjll]l Alin ^aJJ AjAaC. 

. i—sA^JI “UlaJI (_ji a-jjU-i-all yl'Ti...VI 
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Backward Chaining Algorithm jjjSSII 

(j^o t(. V'lgllj SjLallj LcbJ tjjjjljall S-ic-la (j-o CjW^LoiVI i-n ml oiis 

i^^-aLoVl <xu£la-o 0-lC.la Ia^j aSSOftiOnS i_SJjJaijj iA qq-s'i <_j_jll=ua]l 


. 1 V'lgH ij-° THEN tjaJl (jc. ^4-sll ’m'q ill 


Data 


Rules 


Conclusion 


a = 


b = 


1 

2 




if a = 1 & b = 2 then c = 3, 
if c = 3 then d = 4 


d = 4 


Backward Channing ^qKH Jllo 

Ijjjjljall oJic-la ^ oJSja^-o 44141 (jjjljill <c.jxi-nxi Clul£ lil 

Rule 1: If A and C Then F 

Rule 2: If A and E Then G 

Rule 3: If B Then E 

Rule 4: If G Then D 

: (jl CjLuI 41Lul 4I Ciilfij 

Prove that: If A and B true Then D is true 41U4I ^ siAj 

. . . . L V~lg\l 

5jUVI 

Solution 


(i) $ Start with goal ie D is true 

$ go backward/up till a rule "fires" is found. 
First iteration : 

(ii) $ Rule 4 fires : 

$ new sub goal to prove G is true 
$ go backward 

(iii) $ Rule 2 "fires"; conclusion: A is true 
$ new sub goal to prove E is true 

$ go backward; 

(iv) $ no other rule fires; end of first iteration. 

$ new sub goal found at (iii); 

$ go for second iteration 
Second iteration : 

(v) $ Rule 3 fires : 
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$ conclusion B is true (2nd input found) 

$ both inputs A and B ascertained 
t Proved 

Exhaustive Search ( t 

JlAa jj-a 4 1 n'iaVI c-liUI J cLlaJ all! ia n'jlml lilliA tlLLui Jia .>>_JI ^^-aLaJj Jla II Angill Jl AiljJal 

(BFS) depth-first ^Jl airjlj Breadth-first search jiaVl 4 *^.il l :a*jU 1I tjc.1 

.search (DFS) 

Ja'nn'ij 4(Jiiallj 4 ” la Jl ^ gYn (jl (Ja9 4 Jail (Jja-aJI ^J.a.all aj/lall Jjj j)-a> Jl jj 1^) Jo hi 4 ” I**, ill (jl Jlaa 

a U'i-s ^II cjVUI J £1 graphical representation JAi j*j tdecision tree jljll jlaJ JAA 1 I 4 : ~iaj l 

. Ja A I-i/Jall OljluiJIj 

JiaVl £»*JI j! Breadth-first search (BFS) Jaj*lL 

oiA .Aallall AiaUI ^Jl jJaAJJI (Ja3 LaLaa 4 ” la fi 3 JII e^a i'ii (j-a 12*11 Aqil-ill Aa3 (j_j£a (_£l\ll 4 ” la ill A ja j'i JJ jA 

a Ac- Aa-la-a 4 'nail A ja/iljAj I ollAj . JIAall (Jail * at AAI (jaCaa jLaj iUhlj 4 Oai el lall (Jalii (Ja .laja V 4 A ia nljAiV I 

. IjaA Caa 2 l f. LCaS (jjfL La-lac. 

d»aJi ji Depth-first search (DFS) J4*1L diajl 

jUAii AJais Jl backtracking 4 < a l l ^ J (Ji 4 (Ja*ll 4 ~~la Jl Jlall jluaall ^ajaijaa Ja*lla allail Ajaaaljuil ^jiil 
(Jail Jl alaaall (Jaaaa t^JSj 4 JIAall (Jail jlajj 3 a 1 >>"i V A ia JiljAiV I oliA 4IAAJ Jljll (JaJI Jui.all Jjlajj t^jaVI 

. IjaA allajl v- 1. .-i 3 jjl£ Alla Jl ojjj Jkj 4(Joj*llj alaajl <30 Aajui 3 AI (J^.'in 4 _jjjliall 

.jjlJI Cjaall dllaaaa Jib Jjaj (JjIjjI LaA (jac-jall (jJ^Aj 

Breadth-First Search Strategy (BFS) (Jaj*lL) JaVI d*aJ! 

Ji tjja-a ijjiuiA ^-ic. JalaJI ^aa. Ajj diail texhaustive search technique Jaail as& 

A J-iVill i^ya t^JI (Ja-aj Ajaij (JS, jlilalj ..'i (JAaaJ CliaJI t’s^aaill (^til (_gjjaaiil JI Jjaaa_j]l 
t«.LijVI J!alij]l (3a Jialj (_^l JI ^aaijju (jl (Jj 9 ti-jVI A la Vi II (3a Jja-aJ AjS^a A lag i (JS jliialj Aatlaj ja'L.j dlaJI 
tjUjfrVh sjlill JjJ ia .1 ClJI liA i—lllalij t^Uaijlj ojliia .1 i AifLail Cj'JIau'JI «-l-Caa (jl Jallll Jaj (jaaiajj 

(Jla. ^3 lijl (jaCaj I ~i ~iS \ tAjI Jl Ajaaj Jiaj sjaa. 1 all Jj i (Jallj tJaujjjAa ^vn a j (j_jJ Ajll (J ..-11 ( 3^1 f-LCaallj 

jjJj (Jail jl (ial Aajiij j (Jail Jlj LaJUC. 1.” la ill ^ g'i jij ijjail \ jLuiaII illi (jl (Jail 3 Lui^ ( JI J_jxaa_jll 

. JL-a jlilaVI (jJ-jj (J^-il ho^UC. 4"la ill ^Jiiij tAjjL^a 

Depth-First Search Strategy (DFS) (jaxlb) ^tjl d^JI JjJJ 

3a! JLul« ialj (jl (Jj 3 td (_3-aatll Jla l^aluui a** la ill (jjJ laAj ti—jjllaxill jLuiaII 'Ji^aj (J^Lui 4” la 1 A 1 *1 Vi ^A 
4 (Jail J& Jji^iall Jj alj 4jja^ajl Alji JjJiall oiA iHljlS Ijl J (j^J t jA 4 " la ill oja i'll ^ I Jaall jjl£ Ijla 

. I^SAj 4(_gj) 1 * ail 3aaj ^J_LLa (JjAj 3I *■—aLuAAulj JjUI (3j) 1 > ail ^Jl 'dJ^xII Jj A v Vic. 
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(jl£j 1.1a. A qj ac. aj-s .'ill dul£ Ijlj iA CjIjImiaII ^-s jliia.1 q .a.>>"i 3^1 3k ClWIjalj 

"exhaustive modulo of *lja.yI li* 3 £j j&^c. tSjaJil] 3«JI 3* Jai Ci _^iaVl 3«JI 

.depth” 

Depth-First Iterative-Deepening (DFID) 3^1 

.(_pa_}xllj i.”I*v_lllj Cliaj]l 3° la_3° (j_5^ (J<#Lui5l Cjaall dlle.lja.1 3° ^)a.i DFID jj'u'i 

Algorithm : Steps WjjIjSJI Ciljlia 

. .laJj 3ac- t5^) ((JJajlIIj) Wj 3 ^ ^Vjl — 
.(Jjtxull jjC. Joliil! 3a*J! ((jjAxlb) 1.11.1a. tiaj l-lli — 

. I Vigil “UlaJI 3] ‘(jj-aadta) cs^“b *—Jtfiit 3a*Il L-jAAj t^aJ — 

Depth-First Search (DFS) ^Jjll &aJI j! daaJI 

.Vjl (JjakJIj i"i-n ill 3 j!1liia]I Jl II tVjl 3a*Jli tliauSI 3? 1 - 441 C5^ (_£LaJ3 

. 1 IjLuw L aJiSluil j i Vlall J jxs 3 4L_flljJaVI ^jLolaII DFS l **\“\\W ( AjujSHuLj 

Depth-first search tree Vjt 'Aj-v .'■': Jl3a 

• Goal Nodes 



Fiq. Depth-first search (DFS) 

LaS IgjLuaSjlui! Jaliill (jl o!3c.l (JfLuill 3° ^J-<al_j 

ABDEHLMNIOPCFGJKQ 

(Jja^ajll i3]i ‘B A I-iViH 3° tS^Uajl ^>a.l IjLuia (Jjla_ij i” l*s_ill £a.ljjj D ^ B ^ 3°J A A ]->Vill t“ 1*v ill -1*J 

.J i Vigil A ]->Vill (Jj3 N l Vigil A i-iVill 3) 

Algorithm - Depth-first search 3 MJL doaJI 

Vji 

Put the root node on a stack; jaLuU 4jjIj£j A\a-\ ijbj J.I 2 JI A J-iVllI ^ .><'l 
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while (stack is not empty) 

{ remove a node from the stack; 
if (node is a goal node) return success; 
put all children of node onto the stack; } 
return failure; 


A J-iVill iklj 4 jjIj£j]I A qVs II 1*5 igjla JJC. (jl LalUa 

^A A laVill o^A CjjlSi Ijlfl (j-o 

c-ljjV' Jalaill (JS ^ i >i'i V'j tdiaJ] 4iUI 

. j A J->Vill JM 

i.” )**> ill (JJiaj jlill ijja (Jta» ( ^3 

Oflll Jaliill JiLajI 




. 4j jxLj (_£j1uia i^ya JataiJI (_pa*j (j^o tajjlrN (JS ^—2 — 

.b £-j4i]l Wi».j uJjU-i-all ~s — 

,<Iaaj b * n jc. bjjij (jj^SLall (Jjjliau tn ClaJI — 


. ( v>-vll jjjS qx&aj “Recursive depth-first search” WjjIjSJI jl dijl jL^ - 

Breadth-First Search (BFS) Vjl <>ajadL &aJI 

ialaill dlaJI I^A a i jisVI a" i~-» ill jl Vjl dlaJI <iojjl_ji.j t(_pa_>aJlj i" i*\ ill liA 

. .1*./)/! -LaUll jl a-laVI Jaliill t. 'll .Kn.,1 (Jj 3 t j.laJI jj 
Breadth-first search tree Vji dijl Jli« 



Fig. Breadth-first search (BFS) 

I^gA (_pa_)*Jlj Cjajll jj A q . a Jl JalSiil o' ^ 

ABCDEFGHIJKLMNOPQ 


jjjjuwJl Ajlj E^D AJnVlH ^ ^jljll jJjlui-Jl J] Clajl j-GJja jJ iC J B J A A_Lakill Clajl ^XJ 

Jj J C_aJlJI A^Vtll (jl O^ylcJ %j-v 1 all (j-Q iJlx J (. flJjSLujj i Q-^ll A kVlll CIlqI jLq JlllUl ^jOaja^II Jl Jjj J 

. N J_ajjl A l-iQtW Jjj^Jl (Jj 3 CliiJj£l 
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Algorithm - Breadth-first search 

Put the root node on a queue; 
while (queue is not empty) 

{ remove a node from the queue; 
if (node is a goal node) return success; 
put all children of node onto the queue; } 
return failure; 


(Vjl u^j*Jtj) VOuli* 

L&SUa Ailkl l_ljj t jjjUsJI ^3 A J-iVill ^ .>>'i 

I jti <Iaaj l^aSj tlcjU JJC. jjjUall (j\£ 

^..Vi Vlj (j-o A J-iVill ^A CjjlS 

. <kk]i dim *tuVi kikii js jjjUji ^ 

jljllxll ^9 A ~s 1 V 1 Ajjlrkl (jlj 

•i-.lU-vM A 


Hu .all ikli i_sLuoSoxul ^3 e-3jl\ (Jj 3 tn ^3 Jalaill (Jxa^j — 

i^jAkAA (JS ilkll J3C. Ajljlj t4_JULa]l 'ej'N .'Ml ^9 _ 
.<Jl£ jjc (jj£j k Memory requirements s£lkl oUkia - 

jLuho \ nku'i V ^^£3 4(_JaJI o3A i" i-n-n i Ijl — 

.(JjUI J&\ ikaJI jM a ^Ula recursive ajJjUj aJIj Ua Vj - 

Compare Depth-First and Breadth-First Search Ja&\ ka>JI q# AJjlLa 


. CjlSja-all J)jLsJ A jq iMj Cjl__^iA-a]l ^jlua-a (jj\]<a)jl_yaJI (jjj AjjlLo La)9 


Breadth-first search cia^JI 

Depth-first search 


istsck (jSJ A_lxijj! j±l\ 

Put the root node on a stack; 
while fstack is not empty') 

{ 

remove a node from the stack; 
if (node is a goal node) 
return success; 
put all children of node 
onto the stack; 

> 

return failure; 

:queuej^lkll 

Put the root node on a queue; 
while (aueue is not empty) 

{ 

remove a node from the aueue; 
if (node is a goal node) 
return success; 
put all children of node 
onto the aueue; 

> 

return failure; 


<_Jj3*^lj jlni-all (Jiu-i^.i ^Lauill 3jc. 

• t fl \l A t^Q 'H \\ 

11 “Ua^La (_llkij J3 ajs t'Ml 

.excessive memory 

V <akjka]l A kVill (jla ^Iskjll ijc. 

. 1 (3a*)1j sjjjjJallj 

“tlajLa oj£li i.^ llkTl J3 oj-N .'Ml 

<kk jUjV ji*. lilljj texcessive memory 

. t a \\ A \ 'j'a 

CjljjAll “ijjlLa 


? BFS Jlj DFS J! limitations cjlij** jjlau 4aLS 

i"i-n ill Aoajjlji. ^3 ol__>j l3Aj t (jjlnajjljik] dllaaLakjVI £c-o3j tCjLuLuill jjtauSl A ma 4_ill jk^l i_ lD->"n 

(jaudl £* Vjt ( 3 a«JIj daaJI kki Ikj t Depth-limited search 
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Heuristic Search Techniques ^«£J| «yJL — *; *f qLm£i (t 

tl.Jj «.lCa3j ^gjijlj j-j ijAks-> j-a (JaJI jlaol Jc. j-iaii V taile.1 ijj£.lall 4jJuIai]| Cjli-aj|jJJI to-iaa-all (Jjlui-all 

:heuristic functions <_Li£JI Jl JJ Jyn ,,L t cjja cjaill ja J& 

jjj jl jfLaj 1 4 q;» i>i 4_uai 4_a-_JI ClaJI Lai t jijj£ aj£lj jl jaj t t lli-Tn <jV lajlj jfLa^ JJC. ^g-aC-U a" i~-» ill 

.Jlui-a]l jl.li* jc. aJ,^*s .a CjlaJt* a. lU-Tl! _j^3 t^j-% .(J£ui.i 4 qijlnn J (jl tL/Lti 

Characteristics of Heuristic Search i_Li£ll ^ drjl 

_jAj t(jl.\l.all cdli ^J Jat nlmVIj a” )**> LI Icluil Jill t'Jlui.a]' jl.ll* jc. J_)*-all lilll HeUhStiCS l_Lua£JI dlLllT 

liliil lij la£ LajS 111 Aiu nJliVLaJI Jc. Ig L J'i lie. (Jljl ^gAj t^g-aC-L/l aliajl jic. ae.li£JI jjaiil Jil-lJI 4ij*-a]l 
jLuj Lua IJlqViui' CiVladl jlLall liUj j* ji£l jl j* JSI >_a\Lll£L/1 CiUI jj£j liij ta. Ijbi Jail..; laa3 tdiVLaJI 

.admissible -Uj Jib lAjc.iij JjU jji JJI (j-a Jal jjj Jill a bU Cibllj n. ijl -dUb 
Jylli ^ Li»"i <^._JI di^jll Jllj ta. ijl JUI Jl 1 Jj Jill “LlLaJII g. \ J-»C-j JjliLal (jC. Ijjliii JL a bu^ll -mVi -Ull 

Jllll ogU^ (_paljjalj ta. ijl Jl JlbJI “ULaJI (j-a 

:fU«sJI SjSlI jl LbaJI 4_iiali SjjU Heuristic Search <_Lu£tl JL &aJI 


Brute force / Blind search 

Heuristic search 

Ifril >.ill Cula Jill Jaliill (jc- -Iaa9 “Isja-a 1^-lJ — 

j-a 

JUI jc. <Iaaj jl Jbtij a yT (J_jaa, <3j*-a Jia-jJ V — 

■ a V^ll 

.i_iajl JLJI Jl “distance” JL - 

.i_jjil JUI ola-jlj alljll allliLaC dJ)j — 

JUI JJ 4iLuaa 1—Jjal/l ^LalaJI^ Ol/LaJI jl-aj — 

.Ijc aAuj Ciuiilj ta V'lgll 


1 

2 

3 

7 

8 

4 

6 


5 


state Initial 


8 — Puzzle ajlsu^a jbuj jiill 4a*J 



. ^gi LaS^ ^Jll (Jc* jlajll Jadl j* jjlu IAJIaJI £ Ua£ 

.Jlbll J L£ a-ujai jjc yu. glcaa (_$! :state Initial AJlaJI 

. (J^rMI ^gj La£ ‘Lu^-a (jLaall ^ t—» q\i :Goal state t fl.\^ill aJIaJI 

■ a a la II aJUJI (j j'q-s’it Maxilla (j)l».'iui.aH <a]LLall <1 uiluill :SolUtiOn (JaJI 

“blank moves” gjUll ^jJI :Action Jaill 
.^jlll (j-a-ja (Jl-L^ ^(JLtaL/l) Cjl£jaJI (jj^L (jl ^Condition Jaj^uill 
.Left, Right, Up, Dn (j£J oUULVI :Directions <iiUbuVI 
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1 

2 

□ 

8 


T d - 

7 

6 

□ 


Goal 


Problem 4jL^I 

<^A 8-puzzle jilSI J\ - 

Tl^al.’l's'nul (jfLaJ 1 _S-uiSJI <2l ^A La — 

. IjjJVL ^ya Cjl_jiaiJI f_g\ — 

Actions JUiSn 

left , up, right aJUuI oVU £££ UI ^u=.jj oliif JSuill 

Initial State 


1 

2 

| CO 

7 

00 

4 

6 


R 



Count correct 
positions 


h = 6 



Find Which move is best ? 

‘.A qfiA xi Cjlj-Ng m jjj£j 421 (jjjLCS • 

. 1. V'lgll 4JLaJlj AjjlLa t4j«Ja3 (J£J A a ia i^ill a_lLui2>j o 

. 1—S.igJil <SLaJ\j 4jjlLo <*_Ll 9 (JSS S- i uia - i O 

. 41LaJI ^ja Ig.n.fl ya (jfr 4jtia3 (JS Auj ^£> tjiAl o 

dlljl iaII ^Uajj (Jj,is4l 4(_3 jLui]I (JSuoillj (JULall ^ CjVLaII A, nn'illj 

Approaches Left Right Up 

1. Count correct position 6 4 5 

2. Count incorrect position 2 4 3 

3. Count how far away 2 4 4 

: Heuristic <_aluuSVl 4Jl 

:<-ku£]' 42V approaches 4££ i2La ja U£ 

1 st approach 

ciiVl=2l A3& (jlS, L4S a a aUi a i-Ng m!1 41LaJIIj 4jjlLo 4»J->q (JS1 4 aj% <«*iH ^31^21 i_ 2 mAH ja$ m 

(J^joiI Igjl La£ 4 Jal £-jj2 ^^3 i_2 ia]I 4Jjg hm a 4. Wi"i La£ t42l.ijjVI 4 JLaJI ^3_j-alt 4 a ja . 

. A \^'ia .21 i_Lii52l 
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2nd approach Aalliill 

CllVlaJI JJc. (jlS LalS (JjJaai A i-Ng ~i <al' (L-g^gJl “ULaJLi <jjlLa t4jt_la9 (JSI 4/Vj'Vu^H JJC ^SI^aII a-jl i n-s \A i-Ng m 

.a LIiSIl A i-sg i<i (j^o oJbLtll dlVLaJI J-lc. jp ^^lill (J>>>^ v jI <£^>^11 (jj£jj t(Jal “LiiaLLil 

3rd approach Aolloll 

t^j*s t^ill IgJtSj-a ^11 A »L<qll “LojLUl dj'^lajjVI -i-lC- ^£ i-n t^ill ^3_j-all (jc. AjtiaS (J£ J*_L >£ i_jLuia>. I<ia^ia 

.1—LiSIl “LJl S^jUII allVLaJI (j-alijj -L£^a. t^laall ^ i-a-sl ^JLa^,yi J^stSI a_ll i b*sj 

Heuristic Search Algorithms <_Lm£I1 aJL d*aJI cjUajj^l 


Generate-And-Test 
Hill climbing 
Best First Search 
Problem Reduction 
Constraint Satisfaction 
Mean-end Analysis 


(_pajj3l <aV)jlji. 
(JaaJI (jlaij 

Vjl (J i ' (jC. di2ajll 

aISaj4aII i“'*s jjl _j£. 

L^JI Jajjui 
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Constraint Satisfaction Problems (CSPs) and Models gitw (0 

^—2 (Jjh.u-Jjj J£ldJI ^jc. (jjLill ^JajLuij ^^Aj l^JJJuijSI dj/CaA ^>li» -a jg J->'i ijjjill 

. (JjtoJI 

dt ivfi JJC. 'g l"s JiJ t(CSPs) IdaJI Jajji (JjL *x&> ^djj J)l JIaj ^C.1 ' «.144l ^3 A 1313^11 JjLuiaII Jj£l 

<HLoI (jAJ “■”'**>. ill 
. AjkjJ ) A • j& idlLall Lljj “L£4 j Ax- _jas^a — 

. Jas (JJjLai (jl v. . >~nj ij.ia.lj <Jaaj ^3 i. j. i dljLiill Axja*\ a — 

cJjjaj ijcj t1 g »MjaI jjjSJ Jjdj Qj-lJ dljjl£JI -lajjj iajjjuilli idljjid o-ic. jl (jjj dLlda 4iijlc. ^_A .LajjJI 

. "^jjaII Ja.l.i ojjljJI" (JllLo t^iijlaJI ^Jc. (jjjaal^o (JIaj Igd 3i.lj 

Constraint satisfaction UaJI hj£ 

jA (JaJI .ilajjj tdljjadall Jill -d^Lajji Jajjjaill e3A tijjJdll (jA A m ^ ■tcjAXal (JaJI -ilajj 4j1aC- jA Ldjll Jojja 

.Jajjjaill (jid Jill dljjioAll lilSol ^nVi 

Constraint Satisfaction problems (CSPs) Idjll -Laji (JjLaa 
jfr t-j3-?*^-' Lslnaj i l-ifaAj <aI*JIj 4_iAalaJI LuLiaj tULaC-l (JjijIaj LalUa tLajlj tilja. ij.ija.jA (CSPs) Ldjll Jajjui (JjLaa 
tJajJjuill J£ f.ldajV JjIaaII o3A (JjaI (JaJI .ilajl Jj J’l*s tA m a A Ktaxi jl JLaa jAid (Jxallj jjfLi 4(JaJI -ilaj 

.search daJL Igla. d (JjLaaII oi^a Laid Ldj 
Examples of CSPs Liajll JjLaaI 4Jl#i 
Eight jldl dl^Lallj Latin Sguare ^jjjjUl £j_)a1I Jja t jJII a i» 1 i a gji .all 4 jH_a1I (JjLaaII jA ax-jaj.a Iajs 

.<3jjxa]I Sudoku Wlj tQueens 

Latin Square Problem qja1\ 4JLaa 

(JSj c «lt^i (JS ^gk sd.lj oja J-in^-ilL _}aJ (jl ‘■“ii^.i tlaildo I_}aj n _j n X n 03 l*jl (Jjd. A \i»"i ^ilaild i_L)S 
t£j^o Ig m3i jal3jj/l j_^A jjAjll dutSj t n=4 ^1 n=l (jA <djjf dl*j_}A tu^S jlS _jls tlda^ll iajAi _jA lilAj t3_jAC. 

:LaS (jj^j**' tJ_ jax 5I jl *_i>.->ll (_>aaj jijgl*< JLjai (_jjkd ^a (j_jSL 1 gl- 1 * (jta 

Solutions : The Latin squares for n = 1, 2, 3 and 4 are : 


(D) 


1 2 
2 1 


12 3 

2 3 1 

3 12 



Eight Queens Puzzle Problem ^Uill dllL4l jil 4 JLaa 

A S1 a Aj3gj ijd i(8 X 8) IajIsuI AjtJbj t 5 ^ £ ' dl^La (jLaJ ^djj i SuS (Ida^l 

chess board such that no queen can attack any other queen ? 
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Unique solution 1 

Solutions AJaVI 

Ajti_)l (_jail£xjL/!j jJjdll (jc. Aaolill A^jlloLall (Jjl-vll (jl nn"\llj Aalj Ladc-j 1 1 glia A LLa. ^ \ (jLaiill dlflLall Jptl I3 a t41<aj 
(JSj tl^-ajla. dlSLLallj Aijli Alla. ^A Allall (jl (j-bljpal £_a . l-liaj Lla. ) V _)illl Ia^J -jjfLl x « tgjj Infill 

. A 1 -a'ia.a i_sAA dV la. ^^A AlLLull (Jjlall 

Sudoku Problem jSjdJI 5 jLw 

<j_a (3 X 3) £jj_a (JSij A_y«ac. (J£j i _da (JS (jjfL )ia \ t(9 * 9) IaaLuI ajja_a A^sn'ii dlxj^a -a ~n A m"i (jfLaj *_Sj£i 

. ^ ^1! 1 ^y> aIae.L/ 1 ^laa ^ya IjjfLa tAjudll dlxj^all 
.Jajaill (jjlaj a aAA Alla. ^1 (J_j^a_jll tA^nf 11 Ajjldl Alla. e.UaC.1 Clna. tl^laj aJLuw (jjjltill (j iK fall ^ 


Problem 


Solution 
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4 
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Constraint Satisfaction Models Llajll lay* ^jUl 

<j_a lc-_jiLa IdC. LaA-Vim-a tA glia a dL/La L_>a-a Aljla-alL ^jiaj LaAjc. iaLlc.1 ‘Lada_j-all (Jjlm.a]l (Ja_j (jLdV! 

. dVjLadl (j^a j ~* . -n AAc. i_sLuaSlluil (Ja.1 (j-a t a11mu11 (Jja. dlAAldall 

t(8 * 8) 4_J-aalj-ll! g-Jjl-i*'.!' Ajt9j ^3 i^jLajll dlflLall A.n.ullllj UlLaS tAAIj)U->.all dl AA l.dll ^A La ^daljll ^yn U_5^! L/ A3j 
LaAic. iAUa (Jjt9 AjIc. i__i*_i_al! (j_jfL t All.ui.all (Ja, Aljla_aj (jldL/l LaAic. t All mi -all LLa ^ Y LuaI LilLoil LaSj 

. ^)j£! N “Laja 


www.myreaders.info/html/artificial_intelligence.html (jt LUi ^15 Jl A$i jIacI t> ^r. r.u.^v i e dJ| Jl Ja.a* 













































































99 - 


jlsulj ClASLLall J N ^j3 UiA <at3j (J£J <jS-a-all Cj 5G4I (jc. <144 ( _ s Jj Iaj3 

For 4-Queens there are 256 different configurations. 

For 8-Queens there are 16,777,216 configurations. 

For 16-Queens there are 18,446,744,073,709,551,616 configurations. 

In general, for N - Queens there are we have NN configurations. 

For N = 16, this would take about 12,000 years on a fast machine. 

How do we solve such problems JjL** pjkj JL4 

n—Jjnmi's 11 ^^lc. oiaaa-o Cjl i-sg i.a jl ^iLaj <j51j Laj3 

Generate and Test (GT) 0 ^ 3 ' -1 

Backtracking (BT) ^qkll £±&\ .\ 
Constrain Satisfaction Problems (CSPs) l^jll -Lajji . r 

Generate and Test (GT) jjiil ^ ^jlal 

^ tn = 4 Lo^ic. Queens puzzle ^jjVI CjIS44I <1Luw a i-sg i^ll ^nJ-Vil 514a ^ I-i* n« 

il^Aj (jgVi jlililj I OKUl <ij^o £^ 1 3 ■* 4?^J-4 <ljla^-o 






Backtracking (BT) (jilaJI jjjSII 

jsJa!ii4l cs^ - (j^l-sll ^.",11 tn = 4 Queens puzzle ^jjVI CjlfLLall (j4-t4l JliLall a JjLCI 


(jc. t. ql'i-s'i ti—uL-sall (Jaxll -ilaJ jjja. t(_ji;l->'il' jjfLa^ (JLaliaJ (J£ <jj^j (Jjlaj 


t<jfLa4l (Jj)lsll 


^;~ltj t^lj-s“nu<i ‘447?' (J_4^ Jg 44j t(J_jla4l (J£ 4 jj «.l_iA*JI ojslli t((J^Li]! t'rs 41) aliA*JI ojall i-Jjluil 

.l^jlci. Llu-laJillj tJaa9 ij.li.lj <_illi (Ji <llij -laU'jsVlj t(Jal a' ^,’l's'jnn <jSJ tVjl (_^a*llj t’h'S 41 <jL4o ^ql-sll 


Jolaill ji^Ja \± t“n-s <Jaaj (Jjjasi ^Jl backtracks ^4-sll ^T*!' i - r jjli4 jj*j tJ^aj V (JjIaJI Cjjlfi (jl tt"is 41 iS ^-^3 

(j^ 1 "is 31 (JjliJj ts-ljr^ 'Caij t _ s J) Cli 4 l 4 >*-J I—ajv'nin Lo.liCj t<-Jl 4 ll (Jjl.l 4 l t"is ill (Jjlij jaJ (jxj t<Ii.l 4 l 

.(_pajx (Jilt. ^^Ic. (_ji t" is 41 (J^ 13 C 5 -**-! 1^3 t" is 41 i—aljUuil jIIIaaII Jalioll t." ig'Vil jjlj t^tlll ^ 
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jl a •*..Hi (JS ii.L (.“n-v trecursive function JjIjSall vajsjl*a]l ^InVimh Lajta .laii i—ijiaVl ILaj 

recursive (jj^LUl ^gjIjLill s.tc..iLaVI £-a viLaiall a .a^ll ^Jc. e-lLL/l £-a tlajlaXl Iga V-aJaall ^aall -La_)j ^j£jj t jiiSI 

.calls 


.solution tree JaJl s^aJ; pruning vaj>JI JJ=JI infeasible ^j-ia. feasible : vi^Xa 

.((_3.11 Will Vjjlia) Va-la^a Cuts !3I La VaJaLI (JjiaJI ^.nVi Jj • 

(ja LI lilljjl (jj-lJ tVa9Laal Cjjjlj-s .1 LkjjJaj ^iW'imi la£i (jl \aC- jl feasible '~N a Vai J/jLI (JaJI (jc. JtL • 

. vJL.n.a.11 

.A 1 q_i~'i11 CjL/LaJI (ja .laJj (_£^/ “Lc-jjaia CjljLLa.1 JlaA (j£j ^1 Ijl i,h« jjc. Val Vac. (Jlsj ^JjaJI (JJI • 

pruning the solution JaJI Jaai jaalal VaLac. (J _aaL t(Aai?aall jjc) VaLuLI jjC. VaJaJI JjkJI 42 VaLac. • 

.tree 


(JliLa Jj Lai tn-Queens j-cjISUI vJLaa Jia 4 JXaall JaJ o*L£ J&! Backtracking ts iLkll ^jall as& jj£j 

. i—CiKUll vJLaa (_Laa 

:N = 4 Queens problem jjjIIL j-jVI vJlaa J* 



i—ij^all £jjJI __)j*a 4 ‘‘n - s t^ajL/l CaKl-all <lLaa (ja A -s mil iState Space tree CliL/LaJI eLaaS S_)^aa oLlc-i (JSLaSI 

.i_ajj*XI column jjac. row a cjjLL t v£LJl (row, column) Ja n , all <*i_JI j& t vJaiL J£ y t (i,j) 
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jjc. Jiiillj Lai Jl-sll £-Lu 1I <iajjlj. . \iqVi J Liiis.. tjtill CjIjIt^IL JiLiHa Algorithm <LwJjlJLll (jc. ^a*jj 

ri-Waj/l jl *_3j;3i.-ill 

.sXaC.L/1 jac. Jaiall jKWla lia3 g ' inn Laaji — 

. <f!La <a3 £jJail LL^3 jtlij tJ_j-aC. (Jfil — 

V (Jp i t<*ij Jc. (jaiSLLa (_£1 £3 _j^ ( J (_pajLtJ lillaA (j£a jj (jl tf©3Sibl@ laLaC. jl L-i^-a ,jjjl (JaJI (jjfia — 

. gjjln'iill <3j__)*-all <£Lall tijta ,3c. Ij3 Uia (jjJJI jaaiilj (jl <Sla (jlfLala j|Jj 

.infeasible ^^-a (jj. Jc- lsJ'^} fsssible ^a-\a (J^. (_^V jLaa V 4il JaakV 

.'ojm (JS (j) i<ajll jL.-il' (j-°) oilaJj ejL>**. ^3 . 1 

: ( JjJI (JaJI (_gj.li. (j«n*\3lj t<f^Lall ia-li. a <i.-i jl.iai.la ^3 tj 3 _ja*JI (JJ (ja . t 
.(JrJil IjlA elilla ^ajj (j — 1) Jl 1 o-IaC.L/1 (J alilSLa (Jj3 (ja t<filall jjc. (Jaj**. a fr, iJlaA (jl£, IjJ 

.(j + 1) 3_ja*JI J Jiall a_j^i.j Jail I (Ja*a ^3 t j .ijaxll ^J <i32^a <iaj “Ula^ J£1 
.(jjJ.1 (Jai <llai i_j^j (j — 1) 3 _ja*JI Jl 3c. tj a_jaxll jJ Jl~sa Cjjlai tJlaA (j£j (jl 

.<^Lia <a-la-a <llaa. 3aJj V Jia. jl tN S-iaC-VI ^Ja^- (JjLaJ J Jua. Jan laj jauJ .V" 

Constrain Satisfaction Problems (CSPs) LiaJI LJi Jlma 

■LLls (Ja». <aaj> Jfc <JLiall <ijall Jil t jj - ' CaLJall <11 uiaS t (Jal.i.nall (JaJ <.u.n./J <ija _jA lajLui ^aJa_jall ^ql-sll ^'"11 

.generalized solution <ILaa ^oj^iIS 

(Jabaall jja JjlII i_Vi t.-ill (JaJ djlaajjlj. -> j a. ■-!' 

(j-CjKUH <!Lui-a (Ja> ^—3 l^al.'i-s'nul | JI ^tiaJ I Vi^sl t (j — djl^Lall <]Luw ^ i/ii/ri a t" it nil <i^jjl_ji. a t .-i' (J^.1 (j^ 
<ll,t,nxtS 1 g ljinTi jj-aj N — QUeenS (j — djl^Lall <lL^im3 t(Jjl.wall i^ya ^aLtll 1_Ini.-Till (JaaJ <lxijj 1 g 1 C. j 1 _ 1 »'lll (J^.1 (j-a 

tjjjLuall jl JLajjjall j^a JiC. (_g3"\‘i (jll djlijl^ll jl Cjj/LaJI i_aLauSL j»Ji CSPS (JlLtiw (JaJ <il Jaij tLiaJI JLajaii 

. t“ 1*s ill (JDLk (j-a (JjLhaII a La (JaLj 

I^ i^-Tjjjoi liAj tJajjjallj A Li(i^all (jl.’ljmll ^uail ..-i^. c tCSPsJI <!LuLa 1_(JJ ^Vl*v 1 tCSPS (JjLul« j^a (JaLtiill (Jj3j 

.CSPs Liyll Jajjaj JjLolc lJujju — 
.CSPs L^jJI JajjaJ (JjLai-a ~ 

.CSPs Lbjll Jajai (JjLom (Ja. OL^ajjlj^. — 

Definition of a CSPs L2aJ! LJi Jilu^ 

tconstraints Jajjllj domains Ji li il l (jj^J tvariables ojiiall JaLu LjJI JiLnJ ajj^l 

:<kJjj constraint network JajJll <^J Jj 

.Vj , V..V n tdiljjilLall <c.jm-Nm — 

. Dj , D 2 .D n Jll (JLa-a jl (jljlLa — 

. Dj Jali*ll (JJ-all (jnu>i LaaS (jji Vj dlljj.-imll — 

. Cj , C 2 . C m Jajjjall Ac. jni-N -a — 

.“LijJaJII djJ)j».'imll (_pa*al (jjjlxall jl dllsllaill ^3 A 'i^i-a-all ^aall ,L'■ ,-i~ Cj Jajjall — 
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Jaj^iud jl Jaj-ui djjjjiLL&ljj ^ \x a) 4?A^Ujj\\ AjlaJ c^lliA Ja IAJLuiaII — 

(JyiVi IgjlSUaj ^9 jj^ x }) (j^J -Mj jl c^JUa (_Ja l Lja^l Jajai AJLui^ — 

ijA -l^,lj ^1 c^gVn V (jl vnj Aj! i U-k^LQ (jl i # l^kj (jJJ Jajlj LtJajlj tLja^JI Jajj^uj 

• Jaj^jjjoll 
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: (Jlla 


jl Isjjl _jl Ja^l 11 g I a aj]| jj jjl (jSiAJ CjIjS Cj2Ui lii.2 (J_jkj (jlS tjd juoj <11 uiaII <c.LjA-a (j^SA.i 

. (jjillj <jjljlij Jajjoij A Ia'W -all Cj2lii]l djIjSsJI (jljl Jfc La 11 Ag ia jjjjjl (_^l jl 

IsLlc-l aIImiaII JaJI diVlik (j^i»; .iJjjj ‘Las^II “^Laa <c-Ljx <3 <aj_)la ^-Cajj 4 _i]ti]l <jla 3 H 


Variables cjl^JLLaJl 

• VI , V 2, V 3, . . with Domains D1 , D2 , D3 , . . . 

Constraints Jaj^l 

• Set of allowed value pairs {(red, blue), (green, blue), (green, red)} 

{(red, blue), (green, blue), (green, red)} ^IjjVI <c._*a=^ jb £^u*a 1I Jill <c.^a^ 

• VI "not equal to" V2, 


.V2 j VI (jjjjiliAll (_£jLaj -lajiuj 

Solution 

• Assign values to variables that satisfy all constraints 


• VI = red , V2 = blue , V3 = green , 



Properties of CSPs LaJI Ia>£ JjLaa 

I Jaj&LU s^)Jlia aJLi^C. 0 uajl 1 Jia’i’ij i^-ajJI JjaiaaII (j«**.ll j '■ .a'i 4_is.ja 1 Jajjjjji]! 

.l^jljjiaA Jl JliiLul (JSoaj -tajdl V c pa rti a I information “Luja. djL#_$lxA -LjjJill • 

(jl (jfLaj t^tia VI, V2 (jjjjj.'iA Lajuc. JU^uill (jl j^jxAj mon - directional j&Lajl i“nnjl I>^~»;l -LajjJill • 

. (ja^nllj (Jii^jIIj V2 Jc- Liaju ^ L)»J V1 ^Jc. Jaj-ui ^Ic- JV Lq-1^J-ujJ 

4-ijLal^. dlU cJ-^^ d Jill <321*11 jk Lo cs^ nilljS declarative a j^.jj-^3j ijjJdl • 

.<£>1*11 lilij (_p=>il 

Jlgjll ^—2 Jaj&L/I (J^9 tliaC. ^ajj^ill v.. n'ljj (J£uaj Ll9 tadditiVe ‘Uua Igjl Ljajl ,l3j|_Ji]l (_^ajl ><-!**» (jAj * 

. l^Jalijjl jjjIj Jc- u^iij 

. ‘LJiuia dlljjiliA jj~'-y ~' JIIaaII ijjjjillj . Ijjlj VI A W'uua (j_j£j V t Ijj^.1 lajjjuillj • 

Algorithms for CSPs Lajll Lj2i JjLaa ujUajjl^ 

aj 3L (j a LaJI -lajAu <]Laa (j_j£ju oLlc.1 ljj£i LaSj m = 8 Queens puzzle (jULi!! CjISIaII <a*J <1 Laa ^Ji AilL 


:ciilj j^a 

-^jaj^ji^ll constraints ijj2i]l ‘tx.jA-v aj tCjljoioAll (j a values (»ja]l Aj.ja'^.aj tvariables CjljjiaAll 2c-j a-^.a 

.iajj2i]l (3^-j ‘■“n'N.i CjIjasiaaII (jA (_^V <aj 3 ^>jaj >." n-\; tCjljj*AA]l (jjj 
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Constraints iajjJJl 

. dl9_jll (Jjiaj ^3 Lk.li.lj jjl CjljoilLall dlL ^ j lad ■ uJ Jill ^jill Li ndi _jAj tdljjjjLLall A jl-s a A^ja-\ a 4iiUc. jA -Lajall 

lila tig (jc. A ql'i-s <a Ig-ajS (jj£j *■. 'T*.. 1 XI, X2, X3 djJutLal! (jl 12 (Jj^J tAII - diff^X 1, X2, X3) .laj32! 512a 

Lai tJjjLa (jj£L tXl = 1, X2 = 2, X3 = 3 41UI (jli tdj!jji!l2! iil£2 ^uall 4£jAXa Jk {1, 2, 3} ‘Lc-j.a-s .all dljlii 

.“UjjLa jjc. XI = 1, XI = 1, XI = 3 “LSLaJI 

Finding a Solution JaJI jlaJ 

NP JLui-aj iA )* ,s-i NP-Complete 4]Luw Jk t.lajj32l (J£ j2l djljaildll (J£J “Laic. <aHx- jLvjI <aiac- jjl 
ag-all ^ULu-aVI <tl£2l Jjloui CiUjt^jj s^lj ^a (nondeterministic polynomial-time hard) 

t41<a 1 _}}*'' A iS^ (jtS ILIj t Jillj djia'l-all (_ "jn A X-a.aH CjLLjLjjL/I <3 ■ .-i 3 JLL^. j)-a jjLL 3I t”l**»_il' A Li > hJ (J-a*j (J^JI Cillj iVi 

. lg in A X.a.all CjUalijjVI (j^ d n li)2 (jj£jaai3 tn Cjljjid3l Lu2 dul£j d ^o2l 
:CSP L-ajll ip 4jL^a£ N = 8 Queens J22I Cj 1£L3! Representations JLll 

ijb La£ t<aili-a (_ 3 jia Sdu OSP LdaJ -Lajd 43l,uut£ lg l/Wi (jfLaJ “ULuia]I oLa 

Representation 1 jlsJj 4ijall 

A -a lg d dsJj (JS (JiLaj N dlljji!La]l ljj.2 (j_j£L (j! (j5<«]j ‘(jLa2! djlflU! ^ya o^t.lj (JS j.c (jfLaJ (jj! t_(jl .Ij 

. (jJ*-a i j ; l*.d j_g] ^ 1 (jjl 12 (J2aj ^ajallj tl» • • N2 (j-a 

UaLujI 64 8 = 281,474,976,710,656 ^1 tUalijj! 64 8 j-ic. aa ql'ddiLLaLuj! Lu.2 (jj£L 32x21 !La ij, n-sj 

.search space di*J! <tLda ^ d l'd * 
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^3 diljjadLal] ^ja*\ aJlIaa l dl£L2! ^* <-il_^a ^ cJ 3^1 * ‘’ll I La 


Qi = 1 
Q 2 = 15 
Q 3 = 21 
Q 4 = 32 

Qs = 34 (J-J>4I ( _ s Ja. JjVI ,JJ>4I (j-a t^jVI JAaall 4L3 0 

Q6 = 44 

Q 7 = 54 • 

Qs = 59 


Representation 2 o^IjI 

^aJ (j-aj tJ_jAC- (JS, jX-a a^lj <£La lajjj 'Cilc.j tJ_jA*JI (jaiij ^3 (jil^La 1 Vi5<ii V 'Ul tlaniui t—ijatj 4 a 

4c.j)x,-nxij tQj^.Q[\| :IjaiLa N lli4 (jl 2)^°^ tt^js djIfiLa]! i^ya I t"n*s i_ija.^-ill t_a/ b'Xi 

f Q f 

^1 tdiaLSI a-LdaS 1 i^aa 14 "i-s a LLiLuj! 8 t 4 !l<aj 3 Id'll! ILAj t{l ,2 .N} dj!j jjr.'dll oLa (j-a ^ 41 ! 

3 £ 31 =L tgj! V] 11 g ic. diaa L>"X ‘LLLutl! LLj_)ia]l (j-a 3^1 tg 4 >^ fAjJ ‘-LaLuj! 16 , 777,216 

.OVL4! 
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^3 djjjJxlLcJ] A T\aa c 'J£L1\ ^-k-salj-Q JiJ! I-1A 

V tA-ljllill (Jji a1\\ Aij^La 


. (Jj«*aai-a Jajuoi ^1 <La2kjJJ Ajkj lOonStfSintS Jaj^jjailt 

. \W 1 g ) ^.l^J (jt cjllUl ^ik n .n V Condition 1 i*ljia>uJI 
Jaijj ti J_ja*J! (_$Juta C. Qj <^Lall £i_ja I'Nj 4ali ti ^j t'h-N i Qj 4iHJ! Ja^-l^a ^ji-TntM Qj <£lal! dulS I jl 

. la^aS (jjjU! (jjjaudl ^3_j-o Jb Qj j Qj (jjjaiaal! laaa3 jjjSaj tj JS_ja*J! (jaaia l^jtSja Qj AiHall 

. jjJaxall I g .>>* I a l” iKUll £_Jaajaj iConditiOn 2 (jaijl JaJJI 

Ijl tlaailj tJ_ja*J! (_>uaj (J Qj j Qj (jlafUal! (j_j£ij (j! (JlVnuall (ja 4al I tJ_ja*J! (jaflj ( ^3 CjlfLIal! aajl£. IjJ tLaalj 

.Qj ^Qj -LjaJI Jl ^lasa tt-jaaall (jaii J CjKlall dljl£ 
Jl J‘i"s l3 tlaiajl i_Saaall jl -}_ja*JI (_}aSj ^3 (j_j£a (jl £jlaJa»u t(_£_jl £a Jaa]l (jaflj ^Jc. aalStlall (ja (J dljlS Ijlj 

.M-jl^lQj-QjlJyJUl 

Representing the Constraints LjJJI JjL*j 

.Oj j lA* n.-iHa (J!iaj tj i t”)i*\_i Qj j Qj Cjljaiaal! (ja ^jj (JS (jJJ 

Jajill til] j] I q'q-s a Qj = B j Qj = A A »J..->Ua Ca Jiaalla Jqll ^alijjVI (jja Oj j -iajau (JSL1 

• | A - B | 2| i - j | j A £B (jlS li] iaSaj Ijj 

Solutions 3JL*aI! Jjla. 

(JS (_g3*s‘i Jill Qi. Q n djljaiaall tilL Jl Jill j)a .ialajjl (J _j& tN — QueenS (j-ClKLII <lLaa (Ja. 

. Jajjjjall 

. Caljj*aa]l (ja Ac.jm-\ a (_jl (ja jjl JLajjaal] jj^sa j 

. dllj)»."iall (ja ^lj|jl (ja (j_j£ju Jajjaa ^ 1 » a I tbinary Constraints “Lul£ ijjaa Jaas (j — Cjlfilal! (JjLaa ^ VWl 
(jj^j tCjljaiaall (ja “Luj^ ‘^c.ja'N a Ai^jxa ^alailiaj Lijli t4 i^aall Ollaljjjjn (JS _jl n*\lj ^‘aJ ^Jalauj (J^J Iaa3 IjJ 

.Claall f.Laa3 CjUalajjVI t <l“i-sa ^k (jaaaall (jaal ^alaliaj tl^Aj t!ylaaaaaa l^a (JaJI 
.“LdLaal o«.la^J jlaaiU t“ialaaia <aj^Ja UJ^J tlaaajll ijai “UlaaaS “ULaall (jC. i»‘illa t 

Remarks tiUa^SUll 

.Cjjjjiaal! t^^-alaj/l (j^i^qllj t^lstSI ^ija]l t A ag a £aaal_ja (jc. CjUaa.!)Lall (_p«a ^gii laj3 

Generic Backtracking ^UJI 

(ja s^>aa Caaalla ^ju yiallj tLaa^l iajaii (JjLaa (Ja. (Jal (ja JLuajV! <aajjl_jaJI _jA ^l*JI ^^ilaJI £ajo]l 

^^all dlJ^jiaall ^aaa Jsu^>J laAic-j tAjJla jaiaaJ <aaall -Lsjjj toj-N .'Ml (JiauV tiljaai laSj tCjljaiaall dlUalajjl 
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^JJ ^ 4* 1 . ^ .nil Ujla tJLajJjl J Ijl A_Iaaj (_jl .iajJill i i Ijjli tiajjji]! cJjliij 

.S^JUl3l 

Note AJa^jU 

iljla. .li^. A_wjjl_J. t"luii] pistil ^4-41 (jl £-0 tljbv 4 j_j 9 sj£j Jk CjJjtllail CjUsLujI (jc. ajy I'iill CLi^JI oj£L 3 jjl 

OSPS LUaJ -laju (JjLui^a (Jik dAjxjjlj. (JS (jl Vj t J-)j i »\ ^gjl i u**» Jjjui (_£ I ^ya Jjjofi BT (j, 4*s" j jil jjl ^C -jj 

. AJL.HaII ^i-N-S £-0 LljJa (J£ UI.J .lljjJ tlioj Ai.tj 

Forward Checking ^UVI p^iTl 

(j-o AaJj JJ il^ini< tLo Joj 3 Uajj Ji IjS Ijl Lo 4 jjJ coj-s t'iill Jj ^Lo5U Jaill oj3 Jfr .XaJ*_i ^^-aLaVl 

.Ajajjj^a]! JJC. CjJj,)»."i.all JjUaj jl (jl-li-a JVi "i^3 ^Jc. -^aI* j t A li iJail jjc. Cjljji!Lall 


Variable Ordering jJuaII c-ujjj 

£-a (Jxl*j3l A_i3 Jj (_$i]l Jfr CliaJI CjLwjjJj. aaUSj tel-iVI Jc- (J&uij Jja ^ol ^liiLal! jLiikl jjl 

Jll ^Jj.olii.21 jl (jSluiSI t_ujjlll A 4"i-s ^ i_jLuu£l CjLJI JLAj tAa^jjlj^JI o«.la£ Jc. *■. I jjjkjli Ufcj 4 aJU 4I dlljJtLa 

. dlljaxILailj 


j.-i^JI JJ (> A^>, iVn .^ References Textbooks <yyai ^ (3 

1. "Artificial Intelligence", by Elaine Rich and Kevin Knight, (2006), McGraw Hill 
companies Inc., Chapter 2-3, page 29-98. 

2. "Artificial Intelligence: A Modern Approach" by Stuart Russell and Peter Norvig, 

(2002), Prentice Hall, Chapter 3-6, page 59-189. 

3. "Computational Intelligence: A Logical Approach", by David Poole, Alan Mackworth, 
and Randy Goebel, (1998), Oxford University Press, Chapter 4, page 113-163. 

4. "Artificial Intelligence: Structures and Strategies for Complex Problem Solving", by 
George F. Luger, (2002), Addison-Wesley, Chapter 2-6, page 35-193. 

5. "Al: A New Synthesis", by Nils J. Nilsson, (1998), Morgan Kaufmann Inc., Chapter 
7-9, Page 117-160. 

6. "Artificial Intelligence: Theory and Practice", by Thomas Dean, (1994), 

Addison-Wesley, Chapter 3-4, Page 71-131. 

7. Related documents from open source, mainly internet. An exhaustive list is 
being prepared for inclusion at a later date. 
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4UI <w>dJ UUu 

** ♦♦ 

Knowledge Representation Issues, Predicate Logic, Rules 


Knowledge Representation JA^ • 
KR Using Predicate Logic ^U\aW • 

KR Using Rules jyjljSJI f hVn .A JAa • 

References ^IjJI • 


fQMllfl Jl AAA Jl^l§ 0A&JA 

fhdalqasem@yahoo.com 

(jc. 
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? <U>U U 

.general term ^ Knowledge 4ij*-all 

.IjLa jl "<ji" <ajxJlj AijxJI jjj jauuU Lkkj "how to represent knowledge" JlyJI ILa <jUI i jl k n 
tijUJI iju i_i£ <aj*-o :<Jia lilljj :knowing "how to do something" *^Jdl i_L£ 4ij*-a 

.Procedural knowledge <kljkyi 

kc-jjJ I <aj*-a : Jio dllij : knowing "that something is true or false" ^Lls. J) kLa La liik J 4ij*-a 

.A i^^ill ^.-auLj t£_Jjvall (JJ_}k]l 

“Ij^a-aHi t<jfii]l ^-»k ill ^^3 (jjqti-s -a jfLij OdJJ^ jh» lj LaAj t (jjqti-s -a j3-a 1 g ljWi AjL^Iaj <3j*kil jl 

_j^s <3j3uall (J_nLai t^lkill lilli La a L>*.1 jj system s competence ^1 kill Sj^s jnvij t^JLtll *_La*aj 

.aLkVI system's performance ^Ikill *U i_sj*j L’n^ i t^ijxJI jj*jj 

. <3_)*-all (J-lLaj (j-a till's -a lc_jj ^ ilk'll <3_)*-all j-a i ql"i*v ^ (J£j 

sjIc l^Ulj The Knowledge Representation models I Jj1<l ^ LLu jj 

Logic tjki.aH • 
Rules jjjljall • 
Frames oljLL^y ^IjSJI • 
Semantic Net <Wkl cjlkki • 

.reasoning jj * .gill ^ nlLml a iL-s a L/tkcil . . ilk'n <sj*-all ^ya a iL-s .all ^l_jjL/lj 
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Introduction (V 

Cjli (j data Cjljlnlll IAxj (J.uhImu]' j! L_ialt!i]l >_Sj*jj 4^lfr ^llajk^x Aija-allii lillml la£i 

(jj£2ia taiiljliJI <Luxi U p+a J] Jx-ajii .oliLJI tSllj analyzing organizing <*iia 

tknowledge <aj*-all , ^ Vi olajkJI evaluation interpretation jjuiiij unformation cjlajk* liu] 

.Wisdom “LafLaJI lb.}] (jjfL <3j*-a]l obA ^3 <iauJaa]| [_£.}lxa]| ^3j 

Knowledge Progression (Jilu 


“Isjjlaj (jlubVI £-a ^ajj t“lafL^JI djlilul! ^ya A3jiu a]l (J.naluai jl l_j 91 xjI (JjjUl i _SJj*j]l ^jjjILj ^jJajJ alibi (JSLjull 


. 1 g Tie’ll ^1 ^^c.1 c.l£b]l i_ sb^j i4 



Understanding 
- > 

Principles 


Wisdom 


. jl->.a1 Hla tig i>i» 1 (jc. <L^aiia]l (JjjlLaJI (j^ ‘Ic.j.a-s allljlull ^1 _jiai] Data Cjlilul! 

(jjlj Iblaj ^ya A l>ulU “Ijljalf] t(_ylq*all (jjj ^a£bj (_j.uj.autj ^aJJ labjc. Cjla_jl*-all jg Wl Information Cjla_jl*-a]l 

. jli.a1 Ifl ]»-N la^ t“l^ajb ] 0 ^1 a" u>ii-\ 'll ajl_j 2 a]l < 2 ajb I (Jjkjj (JjjluiSI (JljLall ^3 (JjjlLaJI iaJjj labjc. Hla t^^llaj 
Cblla.1 (JI~i°l tAilmll Cjlallxll (jjj patterns JalaiVl ^a£bj l—SJJ*iij ^ajbj labjc. _jgJa!i3 Knowledge <3j*-a]l lai 

l^ya (j_j£l V Aj\j tlilab A . ^->q*ai.a SjljaJI “Lijbj Iba. 4jilc <j^Jaj]| (j_j^j tbllilfi III I (J_jki labjc t V. sj£ ^-_ji ^ya A l..1/ 

. j li .a'l l^jli IbgJ t<jjl3j]l eljiaVI (J.aVI (jl ^ij!La]l 
t?lbla] JjluSlI <jl^l cs Ic. tialaj^l l. ~1 ■ CjlS^lsdl Ojjl ^ Wisdom ^-d la jjiJj 

.l^jjljjjuj ojljaJI CjliajJj Cjljlijj j-s nllj (jjj Cj!)Ic.Uj]I JS ^1j “Ual^VI Jiilli (J^°j 

Knowledge Model (Bellinger 1980) Aijs«-*11 1U . £JjaJ 

(> Cjlilnll (> <uia ^‘understanding” ^Ij “connectedness” Jjljj <=ajj <aj*-all ^-l^aj 

Jajljpll ^^jjiajJ (jjj “LlJjIa]l <3^laJlj (J^uiSI ^^3 la£ .“La^JaJI “tija-a]lj Cjla_jl*-all (JUi. 

•f^'j 

Degree of 
Connectedness 
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CjVL&VI (JiLaj ^i^iiltransitions understanding cjUjkJI Jl CjULuII oVlaiiVU t 

Jl <lLa. (j-o (JliliVi ^*£-.1)3 ^Jll Loi lA ^^.11 Jjj 

AjulaliLa ‘ i—Jliil (_pajl lg . ><* i (jc. A i J nin\ “LafL^JIj t J_)*-ailj i CjLoJ uatlj t dltaljl (jjj 1—sLLii.L/ I 

. IjIjjoj ji eL^aJj JjJ (jc. V-iJ 14-pLJI (JLUallfs 

Jal «JJ3 <Juoll Lol t (JjLlui cs^] tjsLjalj JlarLII LS^" ,^Aj ‘ c5-‘-‘ a ^-' a ^ (J-ol*JU CjLoC jljlJli 

Lo ;jc- L/ JIj ti'p-s in La (JJ (j-a AjjJ >■.' ‘ LS^ nJjSUxaa]} £a Jobuj “LafLaJlj i jlajj Jc. Li.iC.LuiJ jjJaLxll 

■ Lik jl 


Knowledge Category 4ij*JI cjUa 

(JjL <oiaaJall <Juall ^Explicit 4ja.iji.-ill 4jjjua]lj <j£ajJall Tacit “daL-all 4jj*-a]l I La& (j.. 1 ‘*liL) CS^- 1 _^ 1 

A. la ujl JV I ,Jc. (J-^ 4jajj i.-ill <3 jxa!Ij l A -. i>ilJ jj£ 4jajJI jj£ J_>*-a]l ^ J jjc ' 


Tacit knowledge 

4oL«Jai1 Aijs-JI 

Explicit knowledge 

• Exists within a human being; it is 

• Exists outside a human being; it is 

embodied. 

embedded. 

.A x*Il t S-lul^-Q 6(^JjaLl]l • 

.A -\aAa (jj£jj t^LuiiLH * 

• Difficult to articulate formally. 

• Can be articulated formally. 

. Llq_ujj \qx xkj (. • 

.4_lojujj Ax u^t \^x Jakuj • 

• Difficult to communicate or share. 

• Can be shared, copied, processed and 

. l^A^jLauij l^J JL-ajV 1 C • 

stored. 

• Hard to steal or copy. 

. Ig'Wlla^aj lg -s mjj I^jSjLuw ( *_lIa!Luij • 

.Ig-kuA j! i. • 

• Easy to steal or copy 

• Drawn from experience, action 

. lg -s mlj (Jg-uU • 

subjective insight. 

• Drawn from artifact of some type as 

.A h.o'n kI\W dilj ^ja • 

principle, procedure, process, concepts. 


diLiLoxJtj ditc. i^ja * 




Knowledge Typology Map 4ijXAll (Juluaj 4iajJ 

(j^a jj i-Vi Tacit knowledge ‘'LiiaaJall 4jj*-a]l t4jajjjjallj A jjjn^ill 4jj*.all i^jjxLSI i^ya (jjj>uLml (jjCjj Ijjjj 4ijjiaJI 

ullLlLaaJlj ^Sljlll (^y± Ivt Explicit knowledge <9jx-Jtj cajjjJIj SjkJI 

.SajjA j ^c-uij j\ diljLij Facts 
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. “Laic. i^Sjl mTij £jLuil! I g -a ml A L>*nljj i _ s_)*j ^Ii]| jlSIsL/l jl CjI -aKII jl CjlaS OonCGptS ^aAlLall 

(Jaxj i_Li£ j^a y Aj c-LimVI <_LiS (_<1 1 i' ^^jll A Li m'lV I ji Cjljl^Vl (3"° l3®“^ ls ^ • PfOCSSSSS CjlaLa*J! 

. (J i^il -nII jl^jVI 3*J 0JJJ Clljljallj ajlrsj ajLh. a.'iq'l.all 4 Lim'iVI j^a 4luilui iPrOCSdUTSS Cjle-lj^.yi 
jl *■. ^ ‘»'J CjUSjjII (Ja*j (_ 5 ^J -sill Cjljjj-ajLj (j^jljiij “Late ■LjIts I PriflCipISS ^jlxall 



Tacit 
Knowledge 




Explicit 
Knowledge 






Fig. Knowledge Typology Map 


. “Lul^^VI 4i^)*-allj k-—ill 43^ua]l ;<3j*-all ^ya (jjc-_jj aLLjl (J^.1 j-a <3^juall «.Lmiil AaLaC. ^3 aljljjL/l oL& 

Knowledge Types Aijxall £l$j| 

lPmjj tDeclarative ^,>^1 a Vn ^llj Procedural ^JI^VI ^ Vn ^iH Al ^LpV' u-^' *Lalc. *■ Vi ^.i 

. allllj a Strategic 4j-n filjlmV I 43jxa]I a 1 h>ii 

;> l^l (_p=aalli toljj^ -'l l dijliill (j^ou dlliA procedural knowledge 4 jjI^VI Aij*All <a^L 

(jjlall aji.j Ijkj jpj iLLla tdllaKIlj 4jc. jaaaall ijfLaall ^ya (jSL V La a ( _ s -ai (_)*3 ^3 lg m3i jg Li'i l^jlj t^aiajJall 4i^}*-a]l 

(ja <i^)Ia]l jl (J*all i_Laaj Lul _jA (jjjlilli t^aaaj.^ill 43jjuall (j^a <jjj3 “LuIj^L/I 43j*-all (jl (_£jj (j-a lillaAj tjsAjC.LLaj 

explicit <aj*-a declarative knowledge ^a^ualll ^i^ll LI L—ib-aj 

strategic j! JxilL b*LU J ^Lll <aj*JI ^knowledge 

.l$i* a_^>U <1U£ J ^declarative knowledge aAjx^W ^ *y*£ l^lj knowledge 

Procedural knowledge^jt^V) 

iCljjJJjj jl liioi ^>^1 ulS l^j La Ai^jj LjS A^)x-q • 

.^AjIaC-I 

• A-ilC' jl U^*-^ ^ V'lA 3^*^ Ut ^ C5^l J^' C> j^l • 

.models ^-iLa^lj agendas LU^I L, ol^IjimVIj rules jyjljillj procedures oLlj^VI aIA • 
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Declarative knowledge 4ijsuJI 

. l-l^Aj Cjjjjjj j)A liui jj£l Jjj jl iClIjUal Ajujl iJIa'i ojLjxull !}Iaa tllLali. jl LjjLlai 1 m-a 1 1i .'it (jl AJ^xa • 

.CjliLilxlIj (jjjlaaJI (jc. Aijt-allj tClll.A2k.Vlj ClllluliJI (JajE. jl (Jjia'i ^1 Ajxj • 
aj]l ^iLajj (jI-iiaI'j aJV Alt CjK ±utj Clll AuSijJlj CjL^jjLJIj (jjliJilj dlljjlfJlj ^jaUaJI llgjc. aJoaI • 


Relationship among Knowledge Types Ai^xJI ^Ijjl jyj AiVlxll 

: cs Jtail (J*\tail ^jCajJ AjjIj^VI j A ASaLlaoIIj Ajia^Jallj Aaxij.. oil <3 jxaII (jjj AjiVlxll 





^\2*j <-U«L' 


l Yes 

▼ j ^ 4»a jjj d jl^4 


Explicit 



i 


Describing —> Declarative 




->■ Procedural <- 



1 D°'P, 


ft. 


Tasks and 
methods 


| 4£jSLt2) 4 111 

Fig. Relationship among types of knowledge 


Mental Skill 


: ^jtlajJ oVlc.1 (JSajaSI 

ajAjaxII mV Is ."doing." (Jxall Jajjj ajjIj^V! ajjxaIIj ^describing . L^a_j]l .Lljjj a j-s jj ..oMI a^xaII (jl 

-Lajjj AjsaV I ->g mVlj t I g in alj 2 kjA]l dlliVjJI ajij ^Jc. (J~4j AjaLaJIj AaxjjxaJIj A i-sjji,.oiH A^xaII Jajjj 

Ajl (jl tA i^.jj.,oill Ajjauallj A -s jVK A-jljaVI Ai_)3<-all jJjlaJ tl_jjJLall (jA Ajl ^Jc. (Jjjj t-L)jl__) 2 kV Ij ^ I'Sjjt.oiH <Sjxa!I 

. (?i_aa£) *_sjxj (jl (Jj 3 (..(jc.) *_sjxj (jl iIaxaII (j a 

AijxA J£ (jlj ttacit knowledge a^aLa. AijxA Ijk procedural knowledge ajjIj^I Ai>xA J£ J £ ttillil 

.explicit knowledge a^x^ Ai^-a l$jl£ declarative knowledge aa^j^ 

Framework of Knowledge Representation (Poole 1998) AijxaJI JjIaj] ^ Jac jUa) 

(_jJI Vjl ^tiaj tAijuall eljaJ ^ a-nIj tllj^, i-Sjja (JjllA (J^ j»-^Jj ' j •> I'»i (_^3 hJjIuiaH .lia. a a.^ij i_j_jauLsJiI i—jILjj 
tig Ag^ i—jjAulaJI ^jIxLaj Jia. tA aj>.!)I In.^-> s jI Ajtlll ^Jl a <i. ^>j\\ I^A (Jjoaaj ^aJ L>^J ‘^j^'iaII I Vi» 1 a a.^ij Aj.1 n^i 

Iaj9 ^oJa_jA liA (JS tAjta.VI AjAUjaJ CjljAjjljkll ^Ia-s'ihiI t—ljuilaJI ^llailiAJ 
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Fig. Knowledge Representation Framework 

• 4^jCa_j-all (_faajl jllaj i. InA 4i^)a-a]l (JjWl Cjljlaa. (JjjLuill (JfLaill 

aj Li-all Lia.LI l-ii<-il AjSjlaiall Aitllb <IL,.,.aII <£.ba-a • 

.OUtpLit Cjlaa^aa»a aUaC-L j& ^jLil i»_ljjjLaJll ^Jl 1 i-n H L. <jli.u.all (Jji a] ^JJ Ij5s-ia_i • 
.^a.’iyini.all lg xig qi ^^lill t <a^.H L>i I jjc. <allL i_Sja^a^all (_Lall Sjj^a cdli Jiaj 1 g 1 nil ^aJJ C-llaaj-s .all cdlj • 

;. ^ i\3—i*i j <JLuia 1I (Jaa. (j! I-i-aV 

.A ia nl-ill <allL (_$\ t<lb.n.a.tl L■ ^-»l jjc. (JjILalj O 

<3ja-a ^1 <ii«jJall <i^a-all (J_j 2 aj t^ill t <iaa.LLLxual <i_}a-a ^1 <aa.H Jo. s-\'j I jjc. <3ja-all O 

Knowledge and Representation 4ij*All • 

<3ja^alli t<3^uall lilL ^^lill C-lLlVI (_paaj ^ lllo'll La£ tKnOWledge <3^uall ^ya ejJjSi < 1 ^£ (JjLuiaII (Jia i_lUajj 
i— L^aj£ Knowledge <3^a-all ^1 jJaijj i<jfaill ^l-i ill ajjLalLa 1 g K1 <jjf^a Ijljji (jl.ia.lj t jjl ql"i< a jjtiLiSi IgllLalij 
.<sja-all encode y^y llL^ia Rspresentation lg lnii Lai t<i^a_i ^lll La iu Wn ^1 hill aa.li£ ls&^ ‘^11*11 

.La a .ka ^ system's performance ^Ikill t\l\ L Qj^XJj 

s-Ll u^\ OjljJ ^jW*U*n (^5^1 U^ x ) i \ g. Ijl.-aj LS^ S-LluiVI ‘ksjsu* (jl ^\ll2kj (3^ 

il^L^L 

'. lg Kid'll Iglia^a-a ^llLaj (^jLlI «-LlijjL/l (j-aj 
.<11-1.11 all ijjLLaj aJ^^all CilutSli (jc. jjaLLaS Objects CjLuLLII if 
.<JUall (jlki duai ^1 <kuAl Events LjI^I $ 

.aUiiVI Ja*j i_i£ jjc. <aj*-a Performance c bVI i 

.i_a_)*j La (J^a. 1 il» II <3_>*-all j^a Meta _ knowledge <i_puall aljj La if 

: l^aj^Li (jc. <i_}*-all t _ 5 Lll Cysj 

.(JjILajll ^a.’l-a'inixill ^^^>11 (J^NI'iill _jA La formalism 4j.l n^ill i.^ lilLmi t^ iUtij if 


; ^jjjjjHi.nxi sjLlIc. L “ljj*-a]l (JaLaj ^11 jL<11 .1 
.(jlliaJI Uu-aj <oa fn (j'^\ knowledge level <aj*-all (a) 
.^oaljjll ^ l^iiaJLt-a jj-ojj cijla.LlL<i^iL iCjLH^ll (Jjixi'i i_aj_)*ij <js ^aL t^LlI symbol level jj-uui ^b^ 

.(_5jILa-all HjlSk ja^Bj t<9ja-all ^1 Lujaaij IL)3J Vja-aj Lll \ 17 »H (J flu'll I (j! Ua-a iaa.V 
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JjoaUIj JjliaJl (jjj Mapping • 

(jjliJI representation JAa tcA/U-AI i> sjjAtAI “facts” (JjliaJi Ac. j)Xi-nxi A3_}xAI 

Cj3_j]I 1.1^. a \* t<jal£ ^)jc. Normal English ajjI*JI iVI a*AIj t^c-oljjAl 1 g'Wll«^a ^tAA 

a »jn^ill (_paxjj lillilj ^natural languages A_»_niAI aJiAI diW-AA i<_ ijjuilaJI 

aa ill jc Va? JAa] ajjj >a» symbolic representation 
(jjjlto. Ji_j^j]I JjjaAj foots to Symbols" jj-aj JjIAAI JjjaA ^lc- (jjjAii (jjSj (ji i_ia_i 

.backward ^qkllj forward ^LVl JAA1I Jj^Aj ^ hVn .A ^symbols to facts" 

I^tAI (jjjj Ajjjl-s iVI AitAI Ja^. JlAa 

£uol>» Reasoning 

t ft)licJI _ c?0>IaJI .AuoJI > j “ uaaJI programs 

-> 

< - 

^UIa^ English 

«o>abuyi understanding 


English 

Representation 


(UjjJbuVI daJUU <A9 >sjoJI Jjuuoj 

iJjjLAI (jjji-Ti ^.Aajj ^lA! Jj-laJ! JIAallj 


Facts jjliAJI 

Representations cdaLuto 

Spot is a dog 

A fact represented in English sentence 

. Aj^jIxu l_iI£ (jC. jaj*A! tAjjil-N 'VI AiAlj aJAia S^lalia]l AAiAaJI 

dog (Spot) 

Using forward mapping function the above fact is represented in 

logic . (jJaialtj aLLAI AajAaJI JAaj ^Aj ^^aIaVI JjjaAl! A]!.} ^I-AAjJj 

Vx : dog(x) ->hastail (x) 

A logical representation of the fact that "all dogs have tails" 

. Jjji IgJ i_AlfUl JS (ji J^^Al Aqiq^.]] ^AaiAl (J n All 

Now using deductive mechanism we can generate a new representation of object : 

. (jjlSLll AjAa. !AAA aJjj ^'A"'.,'•< ^AAjVI AjIAI ^AVnA (jVI 

hastail (Spot) 

A new object representation 

. (jjlfsA AjAa. JAA 

Spot has a tail 

Using backward mapping function to generate English sentence 

. A-jj.il'S iVI AiAlj aIa^ iiljA ^ql-sll Jjj-sAI aJU A.laAuAj 


English c^aUl aJ^j 
generation 


Internal 

Representation 


Facts 
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Backward Representation^jiiiJI Forward ^UVI JjL*jII 

! (JjjLtJI (jc. J£l (J^i'in t<3 j )»..all ^ql-vllj ^oLoVI (Jj i-a ill c^^JUl (JfLuill ^3 

w^JLLloJI (^sjuatJI jjuullojJI 

Desired real 
reasoning 







Final 

Facts 


iJVjoloDI 

g ty 1 1) 


Forward 

representation 

mapping 


Backward 

representation 

mapping 


>4\AjbJI JjtptJI 

j il I 


Internal 

Representation 


English 

Representation 


Operated by 
program 

<_sJb-ljJI JjjuooJI gu>U>jJ0 Jjlbjjuu Oj>JbcAII 4aJUl> JjuuojJI 

(J&uill “Uj^aLall -lajlrsllj tlg'i-s.Wn 0 -aljJI jajj Jill j_itn3ill <oLaC. ^Jc. (Jjj tjjjLutll (JSJdl Jaiiail ItsII 

. £c-olj]l IgjJjj Jill AaLtall jj i uq'ill 4-iLaC. Jc. (Jjij 

Knowledge Representation Schemes AijsuJI JAaj oUakLa 

■‘Lily,v‘iiuVI <3 jxa1Ij Jnheritable <jj_Jil <9j*-a]lj tRelational <j££) 1*JI 4j_>*-JI : jk 4jj*-JI Jj Wil ^-Ijl aj ujf liltiA 
^ £ \^c Cila£}*j Uu3 tDeclarative/Procedural aA\j^\j 4i>*-Jlj inferential 

.IaJIxj jj£I lisJjJajJ 

Relational Knowledge 4ji£UJI 4ij*-all 

tU^oK ibla Jic. bLu&l two objects (jjjjl£ jyj 4ijm] framework J^c. -jLLI 4ij*-JI si* ^ 

. <ja£)lc. < 3^0 (jjjjl£ (jJJ *U9 Jj (j£Ju (jlj 

Inheritable Knowledge AjjjaII 4ij*All 

jill t cjlul£Jll c-bii] lga 9 Jj (Jll 4 jJI i <. Wi jkj tassociated objects <iaijall cjUjISII (j c. 

.oJ_j 2 v_ja]I OljjliJI t^i~s (_paaj jl ^j.a'N Cjjj 

Inferential Knowledge AJV-iiwVI 


s^C.Lui-a (J!)lis (j^a jjfll t'UaiuU <£.1 1 ..-I alone A *K1I !)liLa tCjUliJI (jjJ OliCitjJI CjUjI£ i^ya (J 1 V,£iI Jfc 

.semantics u'iTiIj tjjJll JV,ii*uVI IIa t^ ^Kll (j^ JiSi (J.Vnuj (jl jj^Aj CjI 

Declarative Knowledge Aaaj^uai]! Aij*-*!! 

^^A 4(jjAill clxujilj t(jjjljill lliliLa isjlaaJI ^^JLaauo JJC. I^a3 oJS_jak_jAll Ai^auall ^1,'i-s'nul j)£] ‘1^3 <3_)j<-ail ojLjC. 

. I <3j*-o ^ A |q‘). (j_j^J (jl (j^-oJ (3 jIa^ 

Procedural Knowledge ^Ij^V! 4ijXAll 


lliliLa tig ni3i <3ja-a]l A ]a>s-ia t*La,Wnn-all COntTOl information ^Vill CliLo^Luo <a3 (j_jS (Jnxi'ill ^A 

e.g. computer programs, directions, and recipes; these indicate specific use or implementation; 
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Relational Knowledge AjisUJI 


l^-aj9j (_ysL*\ t.-i-v ^Jc. ^j'iVi Clijlfi jj-a (jjSLj 4jaj5Lt]l <9j*-aHi i ji! Jli-aj iaJj (Jla-o j^-alic. -Lajjj <3j*-all aiA 

AijJa ^yajxj) JUI JjiJIj t<aiii-a Cj/l^-a J 5 li. (j^ ja^alixll JjA*_l liA < 3 j*-all £-_jj ^cilSjj tlgj ajJaliall A ]-> /Jail 
ajj» .^> C*aj ^iaj JiLaall liAj ta.LaC.j /1 4 ija]l CtulSIl (j^ <c.j.a-N.a (jc. (jjjlto. JjiaJI tjjjliaJI (jjJSSl A la nin 

.JV^U 


Table - Simple Relational Knowledge 


Player 

Height 

Weight 

Bats - Throws 

UCjUl j»-uil 

^iilb JjJall 

Jjjll 

jSjaII 

Aaron 

6-0 

180 

Right - Right 

Mays 

5-10 

170 

Right - Right 

Ruth 

6-2 

215 

Left - Left 

Williams 

6-3 

205 

Left - Right 


tillij t?(Jajj?l i—1C.5UI jA i^ya '. JljJI JLa 11 g 1CA A J-nmi a 11->CA I j6.a.all jpa (jj£j tJjjlsa. Liiil a 51c. I JjiJSI Jj 

(jl jjfLaj £jla]lj (_£jJ < 11 luI lilliAj tl^jllaC.lj 4 jljyi <iui_ya. Jjfl »m «. IjJJ fjAj tjajj/l 1 — 1 C. 5 UI ilajy a JaJ ^liVnAj 

.^iij 

Inheritable Knowledge 4 jjjaII AiyuJI 

t hierarchies “Ca^JI ^jJI ,-.j ^^} 4i^>*-a]l *unjj tparents t_ii (jjlfl ^y> ^uailII cjj ja^alic. ijjjuJI (jjSL La 

(^a (j£J taLj/l Ja (_)aajl 11 ja-alixll Cjj 4 _i^)JI Jl ill J 5 Lv. Jaj t 4 _lla*]lj “Liljjjillj “CiiliaJI Cj/l'N aall Ji ‘LaiVna.all 

. aliaVI Ji<-il i» II J5 aijatjx t_)VI ji.-ii» 1I (j^iiL-aS. (JS V t'JiiS CVLt 
t (JV-iiaaV! dill KR <j)*-a]l JjuC ijljiii (jl ^ISai liljUa t4..n.uli,a jit- lg i^l t J^iiu)5U liiLa 5l£Li (jjfL CIjaaIIj 

^jljill j^a 4 x-jai-sai jl ( semantic network <]Vill c !5 niin ^.auij tali.il ^_C|_ja]I tCajJI ciall 4 j)*-a]l JiLaij 
<aj*-a Jls.il iij^JI Aja^alsJI JLill (jiaj*ij t “s I ot—a nd—f i 11 e r structure" jyaJI 5 la <c J “frames” 

.<] jsLial 

Cilia]I (j^a jajillj cla^all tjjaa^a iis ^-jj j^a i^i‘i»II jl (jjl£l! Cjj (jl (_^l iProperty inheritance (_^ul>^ 1 **.II Cjjjj 

..ti^mill ijha Li^)A cj^ (J£Cj classes cliall cji Ca. iCjac Ji£j/I 
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Baseball knowledge 

<UaJI I isa 

cUaJI u-o eu^xaJI distance 


U^CCJUJ 


, OJL J 

iJJUOJ 

1 handed ' 



EQUAL - 
handed 


bats 



J^j—UULU 




batting-average 


J 


*TT“- 

batting-average 





instance 


1 


T 




instance 



team 


U3l>i >^ju 3 >i j <_Svj3 <_S\ju 


team 



< C9^ajoJI jjuuOuJ <clilJjl uIIjuuj ^IjcujujI 11 * 

(j-o' iiii ((isa, instancs, teamj dila^all (Jilii A^^^all ^ mV I ((jjjLuill .'ML ^ (JLia]l 
^aallj objects cjljjlSJI (Joais box CjI*j^a1I j! nodes JLalail! Lai .a m q ~i (jjliLSI j! a aiill ajc. ^ ^Vnj a q ■ .-i c (_£j]l 

.cjU^lb a_^.UJI values 


A m a A_laaj (JjW i LajS (dlljllaVI jl frame Ajjj^Ja 1 g -a ml Ajjx-all (Jn-aM (_£j^.l Aaj^la ((jjjLuill (Jtlal! ^y>j 


Viewing a node as a frame:Baseball-player 

Example 

L-1C-V (3-^ <Jaaj {^yajC* 

isa : Adult-Male 

(UIj J=»j :ju£j j* 

Bates : EQUAL handed 

AjjLuxLq 

Height : 6.1 

1. } lAi jh 

Batting-average : 0.252 

* . Y 0 Y ; dlljjjJall Jaxjjja-a 


.sMcl “semantic network” <iy^\ a£i£ ^ CjLuI£1I ajLI “frames” ^IjS Jaju ^ :ol>^j 

Algorithm : Property Inheritance 


djljlrsll £fij (O (jjtSLlI A mil Ajutil! A A q A . .-il -» II V A .aiqll ^L^jluAj 




.knowledge base Ai^-all sac. la O jjl£JI a*. . I 


.A xnqll liltj (Xijj ^3 (A A n^i'-sll <aj 3 (jlfi I jl . t 
.^-UkjIuVI ^ ULia Lula 1 A A-tia V (jl£ lilj (A-aj3 lilliA (jSLj jjlj .t 

(" lA-^j (jl (A A n^i'-sll A-aja (jC. ("i-n iIj (A ,a;qll liliil S^IaLiall Ajakill A_2 vju11j ^3 t(_£ji.l A_oj 3 lilljA jjlS jjlj . £ 


lAulaJ (jl -liu V , jla^ ji i isa A 11,-iliuB “Laj3 


. 1 g * 3 jj ^ajii A-sj3 




.oa*u A LiVill isa A n^ilaJI “Lajj ^^Ic. (Jj-aa.1 .3 
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. lA-i-la. tsJlaJj i4lla& dulii (jl 4 A A i k .oUJ] “LajS lilliA dialSi till La jlail .b 

1. Find object O in the knowledge base. 

2. If there is a value for the attribute A then report that value. 

3. Else, if there is a value for the attribute instance; If not, then fail. 

4. Else, move to the node corresponding to that value and look for a value for the attribute A; If one is found, 
report it. 

5. Else, do until there is no value for the “isa” attribute or until an answer is found : 

(a) Get the value of the “isa” attribute and move to that node. 

(b) See if there is a value for the attribute A; If yes, report it. 

ji&1 i4llaA (jl£i jl (J*aj La V tdujjjil ClLilLO i. ~1 ■ Ai ^^£3 tA Lmn.a >iiaLn]l .laj 

.“isa” J\ (jjlSJI instance U>,il kxJs 


:<j]tall CjjjLuiiluiV I CllaLi.1 <3j*-al 4<a3 4 -. ■>!^all ‘tija^all a JSC. Ill (JjjLaill (JtLall ^^Ic. (jjJai (jfLaaj 


team (Pee-Wee-Reese) = Brooklyn-Dodger 


• J^J- 2 J* j±>a& 


batting-average(Three-Finger-Brown) = 0.106 
height (Pee-Wee-Reese) = 6.1 
bats (Three Finger Brown) = right 


A • 3 j A (jjLw J^ CSj^ *■. 1C.LUI CjbjaJa (Jjla-a 


,'ojjaC- ^ya JSaJjj -dui _jA 1—1C.LU! 


ajtfr 1—lC.LU! Igj .111! 

Elaine Rich & Ii_Lllti ^ya 4 (J^aa]l ^C.1 lLn.-iLn e-lfaill ^—Ij oll_jJtll ^jfLaJ (Jjli-alioll ^ya .Is^allj 

. U \ tKevin Knight 

Inferential Knowledge 


t I^ya “LasLi-aal ClliLlJ ^A"\ oJlsJlaJI 4jllLa_jLuall ^ 'U->Tl Vj toUaa-all 4jllLa_jLuall i^ya ClLajLua <3_>*-a]l oLa 

.aJls.124. <3yt_a Jill oal Slia*_ail ClLa oLt-all (J ll Vi l_lILuj \e K1 


ClliiLlc. jl “CfaS Jc (J.Vnui JS3 l^ia oJSa.lj 4^iallj CjlsLlxll (j-a ‘Lc.j.a-^.a liijj] 

i> a^ja^a (> JV-sLuLU j iv i n ' (a mathematical deduction .iVuiJI jlvi-all 

.Clli^all 


: JLla 


"3 


.o^jaiall dlljLu]! (jjj -LaJ^Il tAjilaiall ClLlLaatl! ^ya ‘Lc-j.a’N a l Suaa1\ (_jlaiall (JLL*. 4 (JV, Vi. 22' a. 


him 


(jioul t V " (for all) J£1 


(jjlaial! CjllLaC. ^ A_ 


jW' 


" (and) j 4 " V " (or) J\ 4 " ^ " (not) 4 "^" (implication) 

.(there exists) 

Examples of predicate logic statements (jkiall oljbc ^ J\l« 
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.dog (wonder) iKl ja "Wonder" . ^ 

.V x : dog (x) -> animal(x) :animals cjljljjaJL <^UJI class a1H\ ^ i_jH£ 1 I J£ 

:«. Lall ^—2 (j.'lnt.J jl (_pajV I ^^Ic. La] dlljljJiJI (J£ . V* 

Vx : animal(x) -> live (x,land) V live (x, water). 

I (jl Infer (J.Vnai (jl ^ jLi'Lh'i 4<ijLm]l CjLLill (Jxi-nII ^a C$\j 
."Wonder lives either on land or on water." J) t *La]l ^ J) ^jVI ^ La) "Wonder" 4 . iKi l 
. jpSil Ai^a-a (jc. (J ^jLiuh’i Ujli OltftSIl lilij (jc. ajLifi CjLojla-a ILIj :4jaaiLa 

Declarative and Procedural Knowledge illj <^1^1 

. (JfL'ii; jjC. 4i^>*-a]l (jjj CjliLLiiWI 

Declarative knowledge Aa^j > ual]| 

(jl ^pajaijj domains oL/ 1 -sal'j axioms diljg imll (jc. ^ (jjaLLJI ^^Ic. ^aa*j tUA 

l^ya Ll£>j 4 <j3 “LSjJIa]! *_SjLla_j]lj (_£jLa]l ^Ld! ill (Ji-a'i3 dlVt^-all Lai 4 l^sla ..'-iL jl ..'-1 a JLLa jg L> i ^j) t“LajL-a (j_j£j 

. lA-ia.j J<s J IgJ jL n jj| jjfLaJ ‘4 kVi dlljlj*£ I g * a (J^Ltjjj -LLaLaUJ jg Li'l (Jla^dlj 4jg J.\lll 

Procedural knowledge 4ijsudl 

t> V* 0£" J JAadl qhj 4\.Uifc J*L IjU" ^jJ| dlL/La^all (jjj Jjjaaj <aLaC- <3 jxa]I <jj£j 4 UA 

.Ai^uall i_Luu£l oa.U£ L/j (JV-AuiLU <ALLa (jj^J tg Klj 4<JL/.Auil o«.US ^^Ic. jjiL .33 A i-sjjt^iill <3j*-dl3 . adlj jA La" 
. 1 g •NILu i—LiSj 4ftJ,Wa aLAil Alii a 4—4 j lj .^1 £oalj^)j (Jo.a 4 i*sjj 1 .^ 11 11 <3_)a-all (Jjiai ^aJJj 

4 c- Lc> . .Ij dlWx^aj 4i SJ^aj CjIj^I ^3 4.LaaJI jjl <3j*-a 4- 4 l\ai A \* ijLill Ailll ^-3 parser 4_jljc.VI ^'“Lj^j iJLLa 

adjectives CjU^IIj articles i_ ijj*a]l oljjl jjJLuj a (oliijjj) atc-jiiuiLj LLlaii 4 iULlj 

.nouns *LaJ^lj 
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KR Using Predicate Logic JhmII <UjaII Jtiai (A 

i ijjoi laj9j tl^lllajj 4j_)*-all ^J) LuJa^aj JjjUl >.;'JI ^3 

(J_ja> Jjjlsj jaaj <-s"^ 4 symbol structures JjajII jja _$l ..n^ljpS “ti^a-all JaLaj ^ iJ->'n»i *_ii£ 

:Hla tdiUajjljlui'y Ij (jjjljillj (jjlaaJlj ^jaILhIIj CjUISLI! 

. "red(carl)" _j <J^a^ pjl-i., 1 ' J a q/q^> JLajj carl j HLa ajl., 1 ' jLajj red _j ^a^.Vl (jjlll JiLaj 

:Assumptions about KR JAaS ciil^ja 
. <aJl*A <kJjj Intelligent Behavior cJjUl jUil (jLaj - 

t_i£jj JlcljB iJIa’i tJjj^aj]! i_a£Ijj ^)JC. djLaLaaJI Jjg m‘i Ji.1 J)A KR languages “ti^tA]! (JAaj CjLJ ^ai.-i'i — 

.saa^a semantics CjVV-i l$J syntax 

As~\ 1 ..-i Ac.l_ji] <ajlj (j_j£j u' i_ia>j JUI Ilia jl a -\;^.di'jjjjA]' syntax ^c.ljia 

’.A m a 

red 1 (carl), redl carl, carl (red 1), red 1 (carl & car2) ? 

.car SjU2l ^ (Jjki “dark red” ^.UJI Ilia ijj« <aAu la semantics 

.ojjiajAll (j^ sAjas* dila.liTnul U 0 jij Inferences JV-Aiyi ^liallj — 

t<]luutil (_L».j (JV-AuiU 4 jajL g.Ai.n'.i Jjjaj iKR Ai^puall (JAaJ J_j 2 * CjliAa^ja]! oAk (J_jj3 J^.1 J>aj 

.logic Jjli ia\I ^1,’lVnul jA AjuLa]! dljjliaJI AaJj 

Logic jkUl 

4ajLa 3 La) (jj£j ajlac. L$^ la_jAC-j <jA ^JUI <jC. dlljl«JI AajUI jl A 3jq*s 11 JjJ-i iaII 

.FALSE a^U j! TRUE 

.Inference Procedure JV.HLV' ciUjaJj Semantics CjVV^Ij Syntax t_±£ji]l :<> j^iaII 

Syntax cjjSjUI Jclja jl ^jLltl c_uSjaJI 

(JasA lg Ijia"' ^aju ^JUI JjjlarJU hJa-nII JjAuo] 'g n^jp ^'UtlSI ^ Symbols J!_jaj]I ^C-lj3 

. A ja l* 'i s. 

Semantic 

IaJUasSj la Jialij ^a ^aJltll ^ IaLxa jlalc.1 (Ja-nIL ^aj3 Ajj JJlSaJ ^C.lj3 ^^A 

.<lLli. jl “Lll-a (jj^ J3j tj2ldl (jc. Cjl«.lc.j) laA aJji. A^aII facts (jaliaJlj lA \a-^11 

Inference Procedure JVjIwVI 

existing a^^JI Ja^JI new sentences ^a=^ oWlja.) ^a 

.sentences 


<Jaa.Ha 

jl QySj i^lldl (jc. dllalcj) ^A ifaCtS (jjliaJI 

.relations Cjlallc-j objects cAi 21S J] jl ^ :Representation JAaill 

.^laLj^j ^J) oj^Ajj ^jlvnui la ^a iSentences (JasJI 
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Logic as a KR Language J2ui] Alls jkLJI 

(J-lLaJ A i K (_jiai4l ■ j 1 . .Aill AaLaC. c-Ljl *La, Wna-all (jjjl_jji]l (jpa Ac-jx i-n .aj <■ jj > .AiU Ail _jA (_jlaiA]l 

■ jxl iI-u^iVI c.t£4l 

Ail ^al 4j_j*_i-£a (j-a^'ij tAjIaLi, jl AjjL^o LauS Cjlc.l_n.-iljj (J-a-NII Aj 3 t41.a‘i L. y*\ ^»LIaj _jA Logic (_gl-i i-all 

:^i designing KR language Aaj*-all JAa 
.AlLauLI (Jliaj (J 4-ag-all CjliLLdlj CjljjliJI JjlAll j..).l».'ill ^Jc. — ) 

. (j^ajll (j^ Al_j-Aa A j-a^s \ AialAII CllLaJa-all <J_j 2 k A L ‘ >'VI AjIJj ^“'flll j^3 AjSIA]I 1 g'nlc^lj — X 

(jkiallj t Predicate logic Jl (jlviJIj tPropositional logic Jl (jiviJlS t<alik-a ^Iji (JLiJI .jJjj 

^IjjVl oLaj tDescription logic Jl^J' (Jkullj tModal logic AjjAJI (jkiJIj, t Temporal logic ciyJI 

(_jiaiall Ijl (J£ (Jx*al LaA TnaJI (_jlaiJlj (_£jJI ^_g3—ii«a\l (jl La£ t(Jsl _jl jA£ (JL/-AuiL g.-a.uu Jjj a-LAL/l (JLaj 4 al'i~s.all 

•t5>Vl 

. 1^-i^ajL-ai.j djI-jLall Axajp j^3 Vna-all (jLiJI Lai 1 1g n i Laj9 JLajljJlj CjljAdl Axajp jA (_£_}iiJI (jLii-allj 

Logic Representation c^jiJI jlaiJI 

t False ajiLIa J True aAL^> jj £3 J Lai facts jjjLiaJli UaL.1 LaSj iA Lijunll JjjLAJI JjAA (jLiiJI ^l,~iVnal j/Laj 

: (_gL<ixill ^Jc. i-a'u.x' A3j»..all (. LiuL jJj 

. A LnjJI ^jLuJI jl CjL/L/-JIj A L > I J)_j-aj]l (j^ Ac.j.a'N -a i jVna-all • 

(JLajj tAilll ^3 4,aiLu (J^a. ^nVunJI j»jaj ^-a jj-a_)]l ^-Uaj i—AL ujI i—SJ_>*L j (jLii^ll • 

. IjgLi'ui “LLL-sa (Jjlia. 

.SJlj 9 >.jAI iilL \a - ^ l _Loi. Jalyrnul jl (JV-Auil i_u]Luil i_ kjjxlu (_gL> i.all • 

.^LiaLi. j\ aJ, L-a Lai Sentences UaaJI jjS jL propositions jUkVI ujAj (i ^ 51 ^ • 

0 AI" (jl ^jjt<-Till LIAa tlAljAa-a ^2 jAi-! ®jL £ - <^ c- declarative sentence a i^^k-TiII a A-^ll • 

.‘LLL^o A l<a-N "(_pajjl ^Al" aIasJI (jjS Ljjvjlj tjjjlll (J^ul (jj^ 

. jj^I (Jj-k^aiL Vna^ll (_jlaiall i_y o_jij (_jiaiall jL-aaJ^.L ^ .,-i cj i Sjaj LajS 

Propositional Logic (PL)(^iJI (jkiJI 

jl iLL^a j)J^ liiluil La£ jL^kl (J^j ‘LIAa *Lijj|-N iL/l i A la ijLill Ajtlll ^3 A ;-s A l^-s (j_>^L Jl3 “jLc- jLi.L/1 

.ULLi. 

AjjjlajL/L A (J-oaJI (_pa*-J Laj3I(JIAa 

(a) The sky is blue., (b) Snow is cold. , (c) 12 * 12=144 

truth i_jl_ja-aa <aj 3 (jj^jj t(_£_)iiJI (jLiix'll ^3 o3^.j ji k^il jml tAjJalA jl “LuL-a j<j^iiJI <LaaJI (jl LaSj 

. "false" :l^jl_^a “Laja cjjl£ <ilaLk ciul£ Ijlj "true" l-jIj^II “La^a dul£ “LLL-a ciulS Ijli tvalue 

<aj 3 lil ^Uajj Clilfi (jlj tV j»l dlilis LI La lil Jg iaJj (J^adl (j^ Lx-j^-s a ^Lll Jj^aJI I(JIAa 

. X-jlj; > ^ill 


www.myreaders.info/html/artificial_intelligence.html qc . Ltii ^15 Jl jlxtl (> .^r. i.u.^v i e l£jj| ^ Jl Ji^ 











99 - 


Sentence 4l*aJl 

Truth value uj!>^' ^-»j£ 

Proposition (Y/N) ^1 Ajjai 

?V 

"Grass is green" 

"true" 

Yes 

"2 + 5 = 5" 

"false" 

Yes 

"Close the door" 

- 

No 

"Is it hot outside ?" 

- 

No 

"x > 2" where x is variable 

- 

No or Yes (x ^ua i u.a) 


la]' (jl La£ t<.uuul (J_JJ ^fuii ^)OaJI jl m*sll JjJ-i~1x>U_3 Ljajl y^)jSjl 1 .all ^.Auijj 

AiU^al tljjLu CjljliCj (J-aa. JjSLaii] t<LalS 4jjUi.YI Cjljlaxll jl (J-a^ Jj-lajj i_±JLuil li-alaj 

. (J-a-%11 JjJllsj ^J.crN i_u]Luil jj^a <iLiixJI (_^ajl * <-i^» llj A j’qi-i lall 

Statement, Variables and Symbols jj^lj t SjL*JI 

A /qnuY'j l " 'K >i^l n\lj j, a"s llj l " iU *il . „\l * l 'L , -,11 4_a j9j .LaJI JJa t' g l-a YJa jjSIj l'iUIL/uII vilL ^J) (jjjlnm ^Jj LajS 


. Iajjc-j jahaASIj 

Statement SjUJI 

(_gjJ ojIjE. Y Jill 4 Vilalii jl diil£ jjL-a t^S0nt6nCeS a J-inniH dlljljaJI 

.A Inninll CjljtixlS jjxj Jk tC| jl P Yllla tlOWer - Case Ijuu-all VYI ajj^pJI jVn,nj t^jaiLuiYI 

.Jajjll CjjjjJaJ lg jM.aVi A Inmljj “CjlrLYI (j-a lg » Jj 4j£_)a]Ij <iaxuu]l CjljLaJlj 

Connective or Operator Jbuljji) 

basic 4_iuiLuiYI JLiIjjjYI Cjljja (^Ic. (J-lj Jj-lsdl tdlljjJaJI <1 =l1ui 2I CjljlaaJI Jajj 4_iLaC. Jj 

dllj 4_lLa*JI jjj£o t'n'N j 4<jiiaiall 4_lLa*JI 4 _j_j]jI ^ ■■ ^-»^l jj jja j^s 4<aiii-all tAjj'UJ connectives 

• filial CjljJjall (JjJla. UiA <-agJj ^Ul (JULall -CjiIj-Ij jJj iYjl 4_aiaj^)*_a ^^Ic-YI 4 j_jIjYI 

((((a -.b) V c -> d) <—>-(aVc)) 


( ) 
connective 

Symbols 

Read as 

assertion -^^i 

P 





"p is true" 

negation 

-P 

~ 

! 


Not 

"p is false" 

Conjunction 

P 

q 


&& 

& 

And 

"Both p and q are true" 

Disjunction 

P v 
q 

II 

1 


Or 

"either p is true, or q is true, or 
both" 

Implication 

p-> 

q 

D 

=> 


If..then 

"If p is true, then q is true", "p 
implies q" 

Equivalence 

< — 

> 


o 


If and 
only if 

"p and q are either both true or 
both false" 


. (_gJ-> i.a\l <XuiLuiYI Jk lg in JLaJ_)]l dlijpj-oj ‘JjJI (J-a-slI (jl jjl In-sY 
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Truth Value 

:3La tFALSITY IaI La jl TRUTH ^a oljUil truth value i_jIj^»]I ^A 

js p v C) t^llaLi. jl <-uL-o Lai ~p \gjqi lilliSj tFALSE <ilaLi. jl TRUE “iLL-a Lai ^a p 

c_iU) > 1\' “Lajj lilliSij t"T" _$l "1" Sjlft ^,*lVnn1 TRUE “Lajj (jC. tljSflAj 4jHi. jl “LLL^a 

."F" >JI ? Ia^L j\ "0" >jiL Lai t*Lai FALSE 
CjljJ>' a ^ OljLxIi <LaLa-all t-jlj^.-ill ^j 3 (jLlI Truth table JjAv Laj9 


p 

q 

"■P 

"•q 

P 

q 

p v q 

p q 

p<—>q 

q 

P 

T 

T 

F 

F 

T 

T 

T 

T 

T 

T 

F 

F 

T 

T 

F 

F 

T 

F 

F 

T 

T 

F 

F 

T 

T 

F 

F 

F 

F 

T 

T 

F 

F 

T 

T 

T 


Tautologies Jj£j]l J jL=J 

A qW'ioll Uj^ll djjl£ Lag-a LajL “LjL-a A L-s ^A (P V _1 P^ <LtaJI iLLla t“LjL-a LajL ^L <3^ (J.a-^11 ^A 

• P ‘LyjiJI aIasJL 
Contradictions U ±A\A\\ 


<LaaJ] ^A djjl£ Lag-a AjJali. LajL ^A (P -| P) ^ L-slI iLLla lAjlali. LajL (jjSL 4XaaJI ^^A 

•P 

Contingencies al^L^all 

^ Vj Contradictions Ijn’a'S dlmJ <LaaJI l1uI£ IjJ A j-a-^ jl ^ijL-a-a “L_)dd <LaaJI 

.Tautologies (_p=i9lii 

.contingency <ajL^a jii*L (p v q) J1L1I <> Ua^ ,J\ LLl 
:C onsequent <LCillj Antecedent aLUI 
La "if - clause" -L^Ldl a L-n ^a ^^JjVI (jijjLc. O' 0 jjjiLu ‘P q SjL*JI LliLa t^LL^L^ djljL*JI ^y> (jLjsi. (_3 j La^s 
^^aaLj t q ^a La "then - clause" -LjLlI i_ilja. a! aAsLJI s,L*JI U Antecedent ^iUI S)L*JL ^ 5 -axLj <p 

.Consequent <I*3UI yUJSL 
Argument <^l J oLuVI 

(jl j/LaJ djiLjl jl A , n^> (_^Ij t"(jjill AjjuiI jA dllL] ti—jljC. JjUall" iLlLa tdjljL*JI (j^-i* l\ djLjj jl ^xUajJ jA 
i_3*j u. V~iA djli “LjLi.L/1 jl (J^~sll (j^ 3^^ ®-^lj (j^ ^ ^A A ^.^.ll (jL> i^ll t4aS^a ojLji£ lg ic. 

.conclusion oULiLaVL ajjad ^Llj i_j^J| dllj J^ll (j-a <C._jA3^a . premises <jiiaia CllLa^LaS 

Premise ^jikiall ^-a^Lall 

Cjla.LVnuVL ^ajA (3^^ (J^i'nII jl Cjlj4^*j]l (_paaj (J jA “Ljl jl djl iL-s jl LLuil ^ i-uM 4,La^. ^A 

.conclusion 
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Conclusion oUtnlaV' 

IJajjj ^>jajj iaII CjlaALa]l (J£ -li.Lia 41 g La (_gjl Jj*. J- a r*’ Jc- ^/h* 8 (jJL (jl (_kJL Ljjai. ^ Ia-n Jk 

^.ai.ili Aaulll A Ia-nII oAA 4 J'lYimjn J Aia.jUI 1 1 Ya il Jxaxjj tAJa^uil] Jala ia Aa-AIa lil (Jaaj tUaLujI jjAjc. ^ n.aij 

.argument 4-> Jl aLUoaSI aJ>Ji3! aIaJL 

jA CjLujU JaUI Jajjl uV 4 La LLul Lk_)Ialjj AsuL ojLc. (JSsj tAalajAU jla 2 k (jjjUaij g-y Jl jl dlLlfiLM JS \A 3aa. jLa 

. 1 L. Jl j 4_iIji^i\I (Ja’i'n’i a Ia-n J contingency AiJ..aA Iji ji (_pa9Lu jl jiti-s Lol lillLl tojLc. 

(jl£ Ja33 Ijlj IjJ jjjjjlj j Tima'S II (jj£jj ttaUtOlOgy jiu Jl aIaJ IJalla LLaJ Clljl£ IjJ JaSSj Ijl A "\j"s j -a (jjSj 

oioc-l dijl£ lij JaSflj lil ^logically Gguivalsnt Ijqjvi^ ^malSLa \\ ^jc. JjSj tLk-iasljj > *n V L^iUjjl 

O jjlLill Jja (Jv JmL 1 Ag labGjl (jc. Aaolall ojLaJI dlil£ JaS3 Ijlj i ji jl 4 (jjaajlIalA i Ag 1 4 _jIjaa»II (JjJla. 

.tautology jJJI 

. jSLLill jl jjl jl A3^i . .-1 A jl 1 i>JjG jl lj l'i|-S l^Jj£ jl A Ia'N 11 4_jljXA3 jlua-V 4_±uiliA > .all (JjJlAk (jl 3 a a»V 

Predicate Logic aIiaaII ^U\aW 

ciua. t"x > 1" (jl AiStill LILa tciiLualjjaVI jl assertions CjI.iJIa 3I Jjji JSLI i — its JfLuu LJ (jJ (_£jaJI jJ iaII jjl 

.X jjioAll AajS JjAsL J ^3 jjl liA I JaA Vj 4_ll y*a Aa .jj V AjV 4 La a t ^jaj IjL^] V t ^y*-Lo X 

: J^-ail ^Jl A Ia-nII (jl ji 4 Xjj*!1a 11 AaAiij AajS ^ .>>'l (jl Lol tljlikl ^X > 1 ^ Li] JIaj (_s^J 

"There is a number x for which x > 1 holds” 

aIa^ "For every number x, x > 1 holds": Aio^ll Jl UoJI jjii jt t x > 1 aJ j q-sTi ^Lll x Laaj ^IUa 

.aLjUaII IaJj A^jLaa (_g_>i.l 
:<Jti]| ejig .'ill aIaJI jLqc-VL Ls.lj3j 

“ All men are mortal. Socrates is a man. Then Socrates is mortal” , 

"(jli ialjiui (j_Jj IjJ . iljiui .(j_jjli (JLsJI J£" J*j J^lj 

CllLd JJ jj^ja iAKa ^JXua ^qlaiA CjJ! jl 41 ^LLLu-alS 4(_^)AaJI (j3a iaIL lg ic. ji;a~ill ^ la .aIaJI oLa 

AaLlc. i—L^ajj 0 auU (jll Ailll tdij jl t la IjjlS 4prediC3teS Cjl.VnuAlL A.iahi] La jl 4(_)a>jI i^iAll a -| 3.^ij-1 g.A.i.a.i 

.CjJiiall ^1,'i-VimL A l'*i a a cCjljjl^ll jyj 

ji;»'ill i—ilS (Jfwj (_^ja Ail LaS 4 1 » '»-- lojiau j]l Ailll CllljlWiA i-AxaLj Predicate logic ViihaII ji (_ 5 jlixaVI Jalatlj 

.a! A Ag a (j3a iaII jlial Jc. (JfA (jla iaII (j-a ^jll ILAj 4 jj i iiq'illj 

Predicate ..VkuaII jl alkaVI 

VihiaIIj cAIaJI Ajc. l" i,*i Vi'i (j^a jl Ijla _jA ^_jjJ3_ja]I 4 .VihiaIIj Subject ^_jjJo_ja]I ‘ (jj» 3aq a jjA (jjSju -LaL A Ia'N (JS 

.^jaJaj-all iil]j (jc. La I n ui Ij^kj 

:^iLa 

.runs ja ,i:u,ia3Ij Judy I 4"Judy {runs}" UaJI J 

A ) i .aU. i_a i .a"‘ Aalxa A Ia J i—Jla (j_5^J VihiaIIj 4^-jaa3ja3I (Jj2v La 111 ia (_}xall Ljiij 4(Jxall (Ja.ia.i lajL 4 Predicate ViihaII 

.variables diJiaA a Jamljj Igl/iA'i j objects cjILIS (jjj Aallc. jl 4(jjl^l 
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“The car Tom is driving is blue" ; "The sky is blue" ; "The cover of this book is blue" 

Vim-all Lam! B ^jfLil HLa tc-Lami ^Jaxj (jl (j^-aj Vna-allj lA n--ila. i _ 5 ■ ,-i• is blue Vim-all taLlc-1 AllLaVl LilLI 

jjc (jjl£ J\ Jlaj “x” >j]li t"x is blue" TUi ijaij t "B(x)'' J1LJL UaaJI JAai jZjy t"is_blue" 

Predicate Logic Expressions ^jliutf! jklAll Cil>usu 

: i-allj 3 —»*1 <a i^ya Lijl-s Aaltill A iMm-ill LLi-a Cj 1, Vim-all Aj_)aiJII (J-a^ll 

If ( p(....)&&( !q(....) II r (••••) ) ) 

Logic operators AjikiJI 

Uaa. Ji>a] || ^glvi-all >jll ii(AND) conjunction .kyll aI^j (OR) disjunction .kyll AlaJ Alia! 

I^till (JILall t(AND) Ala^ && ^^alaial! _ya_>l!j (OR) 

x < y II ( y < z && z < X) 

(j£]j tTrue (jjlj l*l£ UoaJl mjlj^l Jj. 1 *. jls True || ( true && true) ; aL^M c-il^^ll <jl£ Lli 

: (JSuoillj Airmail CjjLU ^ic. Zt ytX Cjljjiilall 1 t2 ‘ 3 ^Jill 1 1 » .-Aj _jls Lajlj .}£ij-a jjC- IL& 

3 < 2 || ( 2 < 1 && 1 < 3) 

.(_£ji.l TRUE a_ilj - --ill “LajS ^lc- Laiajl (JjmaaJil (jfLajj tFALSE _jA ALL2I A » jm-ill a_ilj---ill A-aj3j 

Predicate Logic Quantifiers ±iuuS\ (jkiall a^I ^lla]! 

La_j-aC- tAj^ai. (jjSul Ijla (Jplm'l'llj tl^jljma AajS Aj_)ai. ALaa. t'lmji X > 1 (jlfl lajLui 1 ‘ih-sV La£i 

(JSJ Aallall CalaLaaJI ^a o^lj jaalaaa Aajai. (j! (j^AJ iJaLaall ^j -.-il j£j* tlgjIjailLa £-° fl.Vim-all ALaaJli 

. tailaia Aaalma ojlaadl ^ i- --Ti-3 A-aaall CajlS I jl tX > 1 Ulla t jaiLall Aaa3 £_Caj • ^ 

wff l-lia- oJb«-a]l A »n--illj ^^auHj i .Vna-all (_jlaia]l ^ '..-1 ^^lc. quantifier ^-a£ (_jaiLLa ^I.'iA'ihiL jjiiLall Aj-laj . Y 

(^ic. f 1 ‘P(x) JiTJI ;> jl x > 1 AlaaJ! d^l£ c'jaa t well-formed formula 

j_yjLiLall (JjaLli Aajjia LajSj tdljjjitlLa]' 

: Variable x jjiiall - 

. X AajLj ^gJI ^ tiaj SjL*J! ^aoSj (_5^J 4 X ^lia-all ^ic- Aa1*j ja-a A-ajaS i AJ_)J^ ALaa. (jaul X > 5 

x : a JliSI ;> Declaration - 

."a Ac-j-a-N xill ^y> j ..n V- X" 0j^a-ai2l I^A IjLjj tX *a ^jc. ■ ,n‘ X I 3 

:X ^uuLall ®jLxS p sjL*JI — 

.Q (jjLLall ^-at>i t3 Ac-j-a-N^11 ^ya j.■-I'lrN X JJiau P SjLtxIl (jjjLiiLa Ijl Q X ! 3 * p 

(jjLLalljtV -j aJ _>«-W ‘Universal ^ ^LLall Quantifiers Axa£JI (jjjjlLall oiA 

• 3 tsli-ii ^,’i'Vinnj (jjLLa (_jl existential 
Universe of Discourse l JSl\ ^jajA\ 
:aj ~i k ^ 
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ijj£j jl jl*j entities djlllllj tj*m (j^lLJI £* J*l*d jll set of entities dibblll Ax-j-o^-c • 

(Jj^ 3 L_L>Uall jl tLo diljljjaJl <c.j-a^-a jl tA^j^^ll jl cAjqjq^ll Ax.jxj-v,a 

•Ji--u?x* 

.o.J*ll cjljjilaJI (jl.ii* J (jlLu lj) ja universe Jlllj • 

.Jill (jlkill j* Jll SjUc ja i j.i* l l ^U\aW J propositions JJJI • 

natural AaajJall JlcMl A. lunllj Mia t jl.j *,..!' j* 1 *s l >ilj jJLi jl jll jH tflllft cJjjj £3l_jll (_^3 ^ HI' (jUaillj 

: JJj numbers 


forAII x, y (x < y or x = y or x > y) 

Universe Jill g^jaJI tJiJI j* lj*,>. Aijj** N jV t forAII x, y in N: JjSij jjLSj jjj jV ^tiai Mi 
tljl A Jq^.11 Jlc-M' j* (jJj Aj» nln 1*j9 (J* Vi A u .-ill 11 dull I jl Igj ^y*.ui*ll Jill -ll-ldi ^ *11 j*j ‘Of DiSCOUTSe 

.y j x jj*iLq (Jll A.huiUj 

Universal Quantifier For All " V Jill <jjaj ^ 

. djlullll j* £a*J* Jja. djljuc. Adi n^i_i lil g.AuU Jill ^_jjat 

V x : a • p Jill (JjLiII Mia 

a a^ja^aI I jl dJ t p 1LJI Jd a 4^ja?*a1 I j* x J Jl] J “ for all x in a , p holds ” jjL Jdlj 

A» n.-il c tX J*diuh Jill ojlaxll JSs P jlj tjjlll JJa_j*ll j. Ar. ^A X ^J.'i-allj t ^JUI Jj^i>j*ll ^A 

tfl.ij.ui* <1*?. P(x) dn-. tp(x) jjSj X J j* A-<ua (jM ji tp(x) jj£j X Ji JU IJJ tV X p(x) :lilA 1 $ nli 
. j^aliaJI jl djlHUI iiL (Jll A_uda jjlj P(^) u!j ‘ u H" Jjju<a_j*JI (J djljjllll ^ )A'\ ^Jc. cJlj V X (jjlaLallj 

: "All cars have wheels" a 1* Jl jdlilj t(_gJdMI (Jldll Jl JJjMI AJtlll (Jj^^d JJt, jlla 

.V x : car • x has wheel Jlillj JUj 
jikj jlhcars’ j* jjl£] jjila x j t‘x has wheels’ jl US Jj£ siiui* Ua^ ^ P(x) dip. t x P(x) a_uljj 

. liA ^ S^SI i^-i^*]l 

Existential Quantifier There Exists " 3 JjJI o j '^ aJ ' 

.aJ Lajuil llflkj jl jjl jail j jh t3 (_jjlaLa jl JjJI (joiLiLall lj] g..Ai.a.i 

3 X : a * P A» H--iSI ^—3 J_jaJI (_)jiLlLa Mia 
(jLd a a^.^*^*]! J j* x jjiiaJJ <*J i^jj J t“ there exists an x such that p holds ” JHJI Iia IjL, 
lilli (jUd J j ^ c. x jjiiallj iaJLi*!] universe of discourse Jill ^aj*lI ^ a <£.^*^*11 jjij t p U^JI 

X J “i*j3 1?>.JJ Ijj (J^is ‘3 X P(x) Ig nil A it j»^-ilj tX jaidall 1-s“n in Jill ojlaxll ^A p jlj j t^-_joJa_JI 

12ljj JaVI Jc- Ja3 X J*J tfl.Viui* A 1*-n P(^) J dn-N ‘P(^) jjla ^’ii^j X J flli.lj A-oa3 liltiA (JSVI Jc- jl ‘P(^) 

. JUI (jl In ill X JlUl (JiMI (J^ fllaklj A *;ql LjjLuo jjla ^(^)j l(JHI ^_Ja_j*ll Ji X Jll 
: Someone loves you a 1* Jl iiAilj t(jJj.M! (Jl■..~j.ll Jl AjjalaiMI aaIII Jjaa. JH* 

.3 x : Someone • x loves you Jldlla J Ldl j 
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jll ‘ someone ’ dp Jt^l jaiia x Jj i‘ x loves you ’ Siim-a 4lap P(x) dip. t x P(x) pi&j 

. laA JjLlaa jl >■ -) r xd . ~ ' v v ^ 

Formula Aipall 

jg 3-i'ij t^paall Jl ij, Will dP dalaalSlI iipd i— aalLuil JP.1 4 i n^ill t mathematical I OQ i C ^^daljl Jalall ^g3 

. 4padl bi . Wd I 4jilll ^3 ^ i» a Jadl d ^jll J)_pj dP 4.1 ml u, jl Jyoj (J^ in <*Jaaall 

Terms oUlk^all 

n- <3_j3aaaa] Jy*j f dn*\ ‘f(t[, . . . , t n ^ Jba functions (JljJ jl daaljaj daJilLaS jJlLa Jin djl*sll-im->.all i_Jtla 

4ajill ^ im-ill ,Jc. JaaaW oiA Jl iliuiV! ^nli'ijj ttj.t n dlljailLa ^iWLdi tijjjill dP 4iJI Ja_jj 3hy 

.JUall ,*- 1^1 J\ tatomic formulas 
Atomic formulas Jball ^pJI 

Jaaljj Jc. [jj'iVi V ^jll ^ * u^ill Jl jJxaj t4_ilc. jiaa Laa JaC.1 JSaA i_ajja J (_}J 4 i nx-i ^^A 4aaliall 4juaaall 

4 1 qlV 1 .aH Ju.-ill 3-i.a 1 1 l ^Jb Atoms 4aaliall jl Jjill 4 i n^illj t4 m a 4acJ J.x-i Jl Jj*j I il» Vi V ^jll 4 » u^ill jl 4 iq3-i~ix' 

.well-formed lip ai*_all 

logical Jkidl JaliijVI b w-,j : jj| ^ u ^|| Jida z^> j-a ^ :Compound formulas 4 JJI ju^ll 

.connectives 

4jJ] pjjll aclj jac jd j^jJI dp 4.1ului jl >j ^ :Well-formed formula ("wiff) lip. Si*-all 4.J.-.1I 

R^tj, . . . (JfLill dp jl tljaaalac. ^g& \-2 j tj i.”Ii-s tj = t 2 ‘ (J^sdll dp diJ- 5 “Jtaa]l 4iM..->llj t‘Laiadluaall 4ua.LI In. -~*i I 

laiac. 4juaaa ~® (J^aill (ja jl ilAjaaalaC. ^A ^tj. ^n)_S dp 0 4j!)lc. ^A R . 1 p , t n ^ 

(Jl'ia^j ,b j 3 dp alS taiac. 4 ■» w — dJj (3 b) j q) 4ajlaall 4 »j.^->ll dii^ 1 “ jl t4 » u^~> 3 

. ((((a b ) c) v ((-> a b) c)) v ((a - 1 b) c)) :<£jA I 4 Ap^ 3 l J 32 . 

Representing “ IsA ” and “ Instance ” Relationships J« AJU J jja ja AifcUJI Jaldi 

L»a djn^^ d);*ij..-id. jajpaiaa oiAj tobject Jlitlj predicate Vnuallj tSubject ^pppll dp 41 A3—>^a>31 olJJI drJ^ 
djlaaJaj t (_paadaaiJI 4 iiljj ^L^kJI djbacdi "isa" j "instance" dalL^lli .^Jl J%3I J "isa” j "instance" 

. I ag id ^ql-iiall jaadill dj 3 J^ baa3 . Jp-all (Jaadi jJ I ag a IjjJ 

"Joe is a musician" 4 3-i nJ UaJI :JliLa 
class- i-ad -iill 4jlas. \_p3—»la 4a.ami La ^putall 4iJaS tlsA ^aaua Ji3lj "iS 3" 4q.^il jaliddaul laA bail 

dmusician" ^^-adi alidl i Vn ^. dp <3^ > "Joe" i t "musician" j "Joe" dHj‘^»^ ^dpll j# instance 
.UaaJI ddi J class 4 aill jl i Vn ^.11 jjd "musician" j t ^i»ll ^Jaj instance JAall J\ 4 Jbdl jjj "Joe" paxlaa 

Ijapa J djl *■. p 1 (J^ t_iaial_pJl 4.n,a,ilia Lai t4 Kma Lla ^paall ^-a JaLiaj laS LalUa tdllaS 4iap ^1 4j! Jaa.L/ 

oi^£ 4iaplla :4ava_p^> ajj. ^->1 

[Joe] IsA [Musician] 

^alxli . alia Laaa 

[Instance] IsA [Class] 
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Computable Functions and Predicates JIjaSIj 

La£ 0 { F } _j <oc- ILkj tF i»ll ^^Ic. 4Lla]l 0 JljjJI 4 j 3 t. V’lg; <4411 Syaill ^.iaj 


(1) "evaluate factorial n" 

(2) "expression for triangular functions". 

evaluate factorial n <*4 a_iL^ > Jlia 

tn! j <1 ff factorial jl i4_jfLLa]l <^4 i_ sj^cJ ji ( ^js (Jjs 

1 g 15ia (_paj*J lAjj 

a] y*j> La jl “ if pj then e : else if p 2 then e 2 . . . else if p n then e n ” : Expression jaa*4I Lj 4 j£2 


(Pi e^ p 2 e 2 .p n e n ) 

I^LoaJ] 4_aul4l A .aiqllj ^^Ic. false j true J Fj T Pj, p 2 .p n ^aill li& 

(Pi e lf p 2 e 2 .p n e n ) 

. AalaLaJI -lajyLall JjjLau X -0 t>-_uLaa JajLiS T <!1aj3 P J■ -V'T- Jjl ojiaLiAll e “Lajj ^ya 0jju 


^^ic. n= 5j tLo_jAC. n! liljfLLa ^Lll 


n! = n x (n-1)! for n > 1 
51 = 1x2x3x4x5 = 120 
0 ! = 1 


455l*JL ...Li Laa 10! 


n! = ( n = 0 1, n ^0 


.n = 0 U^c. (n + 1)! = (n+1) x n! jj£□ J 

I Lpjlxj Pi! aJIjJ! A_iLaj-ki]l djjjjuajll JajjujIjj 


n . (n - 1 ) ! ) 


:4LL4l 12! ^La-iL (jVI ^ailj 


2! = ( 2 = 0 1, 2 *0 2 . ( 2 - 1 )! ) = 2 x 1! , 

2xl! = 2x(l=0 1,1*0 1 . ( 1 - 1 )! ) = 2 x 1 x 0!, 
2x1x0! = 2xlx(0 = 0 1,0*0 0.(0-1)!)= 2x1x1, 

2x 1 x 1= 2 


|x|= (x < 0 -x , x > 0 x) 


|x| = 


-< 


X 


-x 


if x > 0 
if x < 0 


;4_2ajLi]l jjc- j mMl Y JllLa 
: JljLLI j m'lll (jc. ^i.1 (J14a JLi Laa9 

:<414I absolute jU-iJI 3Jta ^ ja*j ^41 
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tri (x) 


:<M\ Ua2 cdl£ Ijla 


0 if x < —1, or if x >1 
x if x < 0 

l -x if x < 1 


; J<; riillj lg jc- j i 


|x|= (x < —1 0,x<0 x, x<l -x, x>l 0) 


Resolution jl^all 

. Vim-all i-all ^3 1 g '10 j rn'ill (^jfLaall <j^a ^^21 djjdHa]! _i (jl ^^lc. ^OA^al] *La, Wim-a die Ija.1 li& 4j 1 .,-vij jljall 

tl^.j (jl contradiction dd£ J refutation dmll jc. dUiVI die lja.1 .A j*s . l^jl 

i—lliall (jJad j (_£_}dJI (jjiadllj 4x-l i-.-i.all (JasJI dl^}laj]l djLjjl 4_uSj ^I'l-s'nulj (_paa.2] oj& Resolution jljall 4_iLaC. 

•JjVI 

t(jjjjdll (_jladi] Ja33 jjVI *_S_)*Jj tdlj^laill llJjjjila. ld_)iaj . inference (J' V, Vi * uV I (jjjljii (jx tjjjla jljall jmi 

. Vim-all (jlVi-all (s lc. I (jlii-all jljjjll dlnaj I. ijn^l ^^ic. .le-luu 4 j-n filjiml£ 

KR Using Rules <ujaII Jiiai ^I^mI 

d-ljii '.{JIa 4jj*-all (JaLalil AjijLuo dll I’Ng i-a lilldj (JjlLaj ^HVimLj , Vim-all (_jlad]l liadajl 4 jLL 2I ^-_jda_j2l ^3 

.frames jLV'j tsemantic net <SV.il a<^j ^production rules ^tuVI 
tlcjdi <ajxJl KR JA«j (jjL J£1 JF-THEN jyjljaj Production rules LjUJ cs - 4 d ^tuVI ^cljaj 
^Jlji-Vlj ^^amjxdill (Jji-alll <jjj^a 12 ^tuV! d.lj3j tKR (Jji-a'ill (JlSuoal (j^ (J2m 1 g K1 “LLumJ 

.unified form s^jJI dUjUa.-nVI ^ 

: Examples of production rules (jdl(Jja. <£dl 

IF condition THEN action (ddm Jaill) jjli (i 3J1 i) <jl£ lj) • 

IF premise THEN conclusion (j Wn ^llTimV I (jla A >.-i Ajilad “La2La dljl2 1 jl • 

.“UjU-a (j_j£j P3 4-i_)fi2l AiaaJI (jla t(jjSljL^a p2 4j_)dJI aIasJIj pi “LyaiUI A 1^-nII dulS. 1 jl • 

IF proposition pi and proposition p2 are true THEN proposition p3 is true 

Advantages of production rules d iIjja* 

.jdlj l^alddul (jjjjlLa (_$I tmodular 4jjLi*_a - 

.Aj^>a-a]l (Jaluwij jda 1 _(jlA^ 3^ — 

.“Laj^a (jyjljS t. Vj-s jl idd add “tildal 12 — 

.(_£pj d.lj3 t_$\ (jc. A 'die. A Vidll jjjjljaSl jl ^c.lj2l (jj^J — 

tRule - based systems (jjjljall S^duall A .aA iVI (j-a A tdi <3_>a-a]l Judl 4_Jl£ ^lliVI dilja 

.Production systems ^ IjjV \ ^\Jri \ Lxdojl j 
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Types of Rules jgIj&I £ljj| 

.(jjjljall JiC-lj3 ^lajl ^iaj JS ‘La.'i-s'niix'll (jjjljjj]! (ja ^Ijl AjUj lilliA 

Knowledge Declarative Rules Aa*j>uaS]l Ai^l jjljia 
.A_JJaJI yLaJl Jja. relationships cjlaLLJIj facts (JliLJI J£ juljall 

. (Jjj ^—L&jll jJLjjj jla (all 4 I I 1 ~1 l‘‘ n^l^*s 'll li); (JILa 

IF inflation rate declines THEN the price of gold goes down 

.knowledge base Aj^*-all s^c .13 jp (jajljiiJI oj& J~a nhj 
Inference Procedural Rules 4jl>*VI JVjIu<VI oJIjia 

: JliLa tjjjliaJI (j*nn i—Jtj LalUa (JJ.ui.all (Ja. (jajljill oJigj g. .on j 
.J~Viui.all (j.a allbLJI ^ |U ->1 Ijjli t^Uajll alluial A-ij)U->.all alAjlaJI alulfs lil 

IF the data needed is not in the system, THEN request it from the user. 

.inference engine JV.SLJJI *>. jkL ^.IjaSI aJijj 

Meta - (jjjljall u^!j 3 ^tjjjjljill quIjS jkiMeta rules jJIjaII jjl^s jl ‘ 0 ^ 1 ?® fbj 

. JV -SLJJ I jpUaV jUjc-VIj (jl ji-vj j&ljall ,_$! J jz*. CjIjiuisG rules 

(U (jajljll c-ljj La Lc-1 H si AJj£j tA m .a (jjjljS Ajjjua allL/Lv (jG. jLuialuiL/l (jE- VtLa ja-iSJ (JllLall lj&) JILa 
^gJladl a 'Ogll jg Ln Jill (j-a (jjjljij Lb.J ^J_tpremise (jajljall all'll Ajilaiall “LaLLaH ^ jg hi V ^LaJI a_s.}gjl (jt£ jj| 

. jai.L/1 Jia. (jjjljill (jjLa jVimi (jl 1 nlc- (jlS tpremise Ajilaiall lg“i.a.vi.a 

(j$\ (jjjljail ^-Ijj j 1J»a reasoning ^uaiill jLjL V tig i.a jailpll jjuiqML Meta - rules (jjjljll «.ljj La jig'i 

.(jjjljall tilli ctc-JiiujI Jj jl t jlajc-VL oiaal i—pj (jjjljall 

Aij*_ail jj&jJI jjjiA :Procedural versus Declarative Knowledge <0^^111 Ai>*JI JjLLa AaJjjyi Aij*JI 

La£ ^lap/l Jic-ljal A.juiillj tlLLo (jj*\ .>> jaII 

UjSj US, lUAjj ‘'how to do' j&\ (J*ij i-LS Aij*-a ^ laS ^ :Procedural Knowledge ^puj^aa]) 

A 1 »q~i La ?rj.>>jj lg ni i^iLaillj alil«.l__p,Vlj Iilrsllj alii 17. njjjjoiVlj ILLui 

•Ltf^ 

hOW tO Ajjai-a Ijl ^gA ".Lagj^ac. V5I * S}*j 1 .agjl CIjjjjjj ji JpJJ (j^ 1 iil]i (JllLaj 

(jl (j^aj V Aja&i]! jl allljl^-all iLLLa ie-j^uail lg jg Li'i Aj^puall oLAj t La (J*3 AjiaS dO 

1_L^aj (jl ( 33 l_jjj •U£>^h jijsVI Ijjilxa VL-ajl (jj^L (jl tgJ V (_jLll jljjVI lg lai-\ 1 jl taljlx'KI (Jj-a’n 

jp L/Aj ASjj^ajM C)J& ( a )lall jl ^1 g xili (j_J^ I^C.La ‘AJ*s jj i^i’lll Ajjn.^ll A^jLuaa j-lil tLa (■ l__p.j jl A ^g a ' L'n aillljJa^. 

.(_3jliaJlj f.LaiL/1 

Ijia LaS JaLLj t'that' jj! Laj*-aj t'what' IjLa Laj*-a ^ La£ ^ : Declarative Knowledge ^pjj^aaJI 4ij*-*JI 

jjl ^alaluij ^^^1 alllaLLdlj (jjliaJI Aj^}a-a I g in \j i^jLaallj iJliStallj tjL^VIj t^liailj tallljjlSJIj t^aAlLall jlLLui 
t"a!llljliaj AjujI .ajLuall' ^(jjjlall iLUj (JILa. Ajjata^a LL (JjAnlllj LiL^aVI £_iiaj*ajj tL^_Caljj A Linni a!llljL*j Igac. ^>a*j 
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£jJaj C5^ <3^c<<Jli /'ClljJJjj ILjj ^£1 JpJJ 1 jl 

^jc. JiLaj-Q (J^juaj l^llkjj IgJaxjtiaj lg‘Wll*-a 4-liA ^3 A-i^Jjj-adll <3 j*_a11 (J!Lqjj iA)\ax W i^ya\j£> s J\ L..J.\c»V 


AijjLAJl u&ji (j# Comparison 


Procedural Knowledge 

Declarative Knowledge 

• Hard to debug Ig^n 

• Easy to validate t> 

• Black box 3ik* 

• White box 

• Obscure <^lc. 

• Explicit 

• Process oriented CiLL«l] 

• Data - oriented CjUUU 

• Extension may effect stability 

• Extension is easy 

l&jjjV’uxil ^Ic. «^3 


• Fast , direct execution ^ 

• Slow (requires interpretation) 1 . 1 U-.T 1 ^ nU : 

• Simple data type can be used 

<JaiuU CjIjIjj Ijjl ^HVnul 

• May require high level data type 

• Representations in the form of sets of 

• Representations in the form of production 

rules, organized into routines and 

system, the entire set of rules for executing the 

subroutines. ^ cAc-ja^o JfLij ^ Igluzj <jL&c. 

task. 

. 4_icj9 ^ 4 tjjjjljall 

. \iqVii ^Uaj (JfLiu lg mlj3 J£ 4_ilaC. 
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Ij CjIxJ <jjj AjjlLa 

Comparison between Procedural and Declarative Language 


Procedural Language 

• Basic, C++, Cobol, etc. • 

• Most work is done by interpreter of • 
the languages 

• For one task many lines of code • 

• Programmer must be skilled in • 
translating the objective into lines 
of procedural code 

• Requires minimum of management • 
around the actual data 


• Programmer understands and has • 
access to each step of the code 


• Data exposed to programmer • 
during execution of the code 

• More susceptible to failure due to • 
changes in the data structure 

• Traditionally faster, but that is • 
changing 

• Code of procedure tightly linked to • 
front end 


• Code tightly integrated with • 
structure of the data store 


• Programmer works with a pointer • 
or cursor 

• Knowledge of coding tricks applies • 
only to one language 


cAiliSSI jjj logical relations CjI&UII 


Declarative Language 

SQL 

Most work done by Data Engine 
within the DBMS 

For one task one SQL statement 

Programmer must be skilled in 
clearly stating the objective as a 
SQL statement 

Relies on SQL-enabled DBMS to 
hold the data and execute the SQL 
statement . 

Programmer has no interaction 
with the execution of the SQL 
statement 

Programmer receives data at end 
as an entire set 

More resistant to changes in the 
data structure 

Originally slower, but now setting 
speed records 

Same SQL statements will work 
with most front ends 
Code loosely linked to front end. 

Code loosely linked to structure of 
data; DBMS handles structural 
issues 

Programmer not concerned with 
positioning 

Knowledge of SQL tricks applies to 
any language using SQL 

Logic Programming 

Computation dll' »II ^ 1..0 ■AJ*q 3 -ii 

.entities 


i programmer oljUJI <> a ^ j *^ : logic program 

Lw*- 0 (jt£ III U jbjiso l$j , v i computations dll dljlsill ^jjj a olsllaJI 

.V j! A iqlTi.aH dljLxll tdij (jfr 

Characteristics of Logic program g-aUjJI 


www.myreaders.info/html/artificial_intelligence.html jc. Itij ^15 Jl jIjc.1 ^ J) 









99 - 


ojUtllj axioms dlUlm-all kc.jxi-\ a ^ya ^cUjjjll (jjSUj t dlW JlLuiV ij dlHUll ^ya ‘ic.jx'-N .ai (_jJsua 1I ^jjxm 
sjUJI jl Tq /U (> .£111 UatS diUUUil dulS |j] U rules of inference JV.SUV' ^clja .h*j laS n_i^l 

.goal statement cj^JI 

Sjl*JI ^^Ic. (jUjj plijl ^Lsill <1 ui.i (_gl>i<ill ,\iqViq t(_jlaLall ^c-aljj ijUUu (j^a Idyl jji»j execution ~ijqVillj 
-ii-iaii (jjAj 4 <jjoiIuiVI ^ iqi-ii-all dilalUll programmer 2 -a^xall IjyiJj CjUUiaII ^UVnul a ogll 

Logic ) ^LajJjiJI ^jUu <j ( £vil l + j Iv^ll J Jji UUil ^inference rules JVuUVI ^elja <u (jUi ^Ul 

.(+ Control = Algorithms 
Examples of Logic Statements <jjkUll diijUL Uii 
.A grand-parent is a parent of a parent ti_iVI J j* statement Sjl*ll jSal 
<jlS (JjVI ULj Ul 4J j! <1 (jlS lj] grand-parent u ^.-^dll (jjSj :_i C5 iki a ]l ^ll-n.-i.«ll (JSriii ojUdl ^-Uaj 


.yij 

: ^lilllS ^ ^S\l jjjlall (_jiaiajl (JjV I t . i.fijll' (_jJaia ojl*ll UaJj 

(for all) x: grandparent (x, y):- parent (x, z), parent (z, y) 

.(y J lUlj z j ISj z J parent IUIj x) jlS |j] y J grandparent 1^. :x *J\ (jjSj jj£j 

Logic Programming Language jkUll 4*1 
computational ^Ld*Vi ^j^dllj ^IjJI semantics oWj j' ^iU-j the syntax <£1,^.1! iJaII 4il 

.model 


dillni-%11 jAaj ^procedural i—j_jUiVI _ja Un-all ^i_jAallj iUjUuall 4_aJUUII ^jJ-Vnl SjUS jijjU .d>.jjj 

(JU diUlj Object-oriented ^a^jill 4yHS 4*^)JI diUl oIa ^yajja tplVI "*_IS" (jc. (JjUiill 

.FORTRAN j C 

4jU.yi (j^lUsai. a.llac.1 4yj' imVI 4 _sJUa 1I ^tUj^ill JJlay dya. tdeclarative ^^ajj^aiill jA ja.VI ^i_jdllj 
^_y=Z>\ t^rsll jlgJ dn*\ t(LDL) A iqlVi.aH dllLull Ajtlj Prolog ^jljjJI 4*1 4yayj^aall dlUUI AUal (j-oj t<aaau-oll 

.ki jUua.VI <aJUJI UU*J logical properties Uikill 
.A ;qlii^\l djUL (LDL) A iqlii^ll djllnll kxlj ^.Ai.njj 

PROLOG (PROgramming LOGic) Ail 

«.ISUI ^Hxl dc. “Ulljo djjUaj i ^C- Hxi-aV I «.1SUI (J&a. i^yajJa dj^Ja ^3j tlcjjd ^SVI A iqlii.aH Ajtl 

.^SUI jlaj] "UuS” J "IjU" J£l\ oUll t( ^Uk^VI 

Syntax and Terminology diU^ikuaVlj 4iU-a3lj 

jic.I_j3 A“\ i>ijj US statements diljUlIj expressions diljij»'illS tdiljSUI (jj,uuj (jjSj 4*1 ^ 1 

.syntactic rules tUj&yi ^cljL C5 - a di U J i^uSjSlI 
:Ua (jjlja. <*1 diljSJI ^. uVij 

data components dillUl diljUa(A) 
program components ^IjJl diljS^(B) 
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data components dUUJI cjUj£«(A) 

gjj Data object diULull (jjlSj tlia-o ^Loiluij ^±u ^^Jl CjULuII caUIS (j-o ^a CjljUJI cAjjfLa 

Vj (Compound term j.^v. J\ constant CuU J\ variable jdda :<L term LaJ 

cajIJJI j numbers aIa&SH J atoms <dliJI g.-u^ll :!Aia (decomposable i] Xili k n . nl l dbUJI jJlS jjSj 

. dil^utdJIj 

^^Jc. CjljLnll (jjlS, Lai ill'll! IJI ^^c-Ia ^ti t<ailk-all CjliliJI CjljjlS (jjj <c.t n.-ill Ac-ljii jjdjj 

. dlljijda a AC. 

Data Objects 
(terms) 

Simple Structured 

/\ 

Constants Variables 

Atoms Numbers 

aJI Lo£ j^aLixil saa (term ^a^ali*JLi L>iil ciiULull caUIS ^.uj 1 iqLul La£ :Data Objects djljLull aaLuIL 

: j ~_ya AJLalS JjjLuJI 

.AjjUJI ^u-allj floating point ^JLiLJIj integers I aIa&^IS ajjIj ^ j^aj ^a : Constants 

jjjS i—^utLall j-oj (Unspecified oA^-a jjc. aAp*j jdJ ■ Variables diljjiiLJI 

.underscore hi \ & w , uppercase letter 

:Compound terms ^^tadl 

.arguments ddLaUaJL La=J ^aU*JI (J -aud J (functor ^JIaJI J&l J asJj j.^iq ^ ^ 

aac-j (atom “CuLij a»u^ jxuiVI (diLLaLudl jacj *u functor “UIaJI i _ipjj 

:^1j31£ 4 arity JL (S ^ l^a 

//n = /( tj, t 2 , . . . t n ) 

«JIa <u , -u Aqj f/n j^ajli (CjXaUJI Jih ^ t| 's j (arity ulalw n aac. jp (jj£dl functor <!IaJI ^1 / dip. 

.(jljail^-a (jtjllA Lap i_iL**. a AllLLaLiaa AAC-j ^jjjL/I (jaiflj l^J funCtOTS (JIjAII (j^a (jtiul dljl£ IJIj (^pjjl n 

non-ground Jlj Ground Jl ^-alk. 
(non-ground Jl ja-alic. Axj UIac. Laj (Jaa3 duljj Lajlj (dlljjida ^^Jc. V Ja-aLic. ^A GrOUnd Jl ja^alic. 

. jaaaljc. dul£ a Ijaai oAja^aLall JIjAJI ^gA 

Simple Data Objects dULuIl didl£ 

.Variables oljjddJIj Numbers aIa&VIj Atoms <dUJI ^.u.^11 

:Atoms 4 dld]l ^.,u.^SI 
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Jl 


Util ^ 41L2I (j-o <—£4“ •& 4 lower-case ajj» 4 diiV i_jj__pu *■.fi5i 


:5lio ‘Underscore 


a greaterThan two_B_or_not_2_b 

+ — // $ & (JlLo 4_L^aliJI Jy-ojll Cy* i_Lji5Lui jVnu'ij - 

ABO 1234 3<>b I(J2a 4 (j.n n^nll <ai*-a Jjj-aj (Ja 41uJu) - 

.![]{}: 421111 jj^jll 42li2l > <-»\1 lilliSj - 

:Numbers jl.ic. 5 n 

JSLJJIj 4 t ^iH jl.ic.VI JlaJj 4 Prolog ^jljj2l ^ Ijjli diSJ 4Lai 4jjjc. obluia. ^^Jc. OaJJ Jill dlgnlyill 


'. i_Sj^jx-all 


0 -16 33 +100 


: jiajjll <0 a 1*1I 4iijlallj jl 4iJL2l 4jjti*-2l 4L_>I21 j 4 i'q^*sll jljC-VI 4. n^'ij 


0.5 -3.1416 6.23e+23 11.0e-3 -2.6e-2 


Variables dljjdJI 

JliLo 4 underscore Jl jxj jl ^liijlj 4 ~ajj» .^> o^is ‘Capital letter 4 _iiiiV l_ i^L I $ ^ ml ijjj 

Noun_Phrase , List , X25 :42I2I 4£t2l dljjdJI 

:Structured Data Objects <&jA\ olib2l dl2l£ 
.Special Structures ^U. i_jj£jjj ‘General Structures i_i£ji jcj j* 
CiXoUJIj functor Jlj2l jc. bjd Jld, j.^v. ja :General Structures ^1*11 t_i£ji3l 

44 L^-ilL Ig ni (_L^a9jj ‘(j^ljsl d5Lal*-2l 4-ajli jgl-i"ij ‘atom 42Lu 4 j n.-X functor 41121 (J-abtij ‘arguments 


. ^jljj2l ^3 Cllllu JjjIS J I i21 j£j 4 Ija-aic. (_Lal*-a J£ jfi* jj 

.f(a, g(b, c), h(d)) j plus(2, 3, 5) j greaterThan (9, 6) jl*ll ^jill 4LJ <y>j 
.functor 41b ^2 (j A t yi\ LoJic. 4 ..-ill jljC-VU! 41 g . >i» I £-a jt^il |»1I £_aaJ 421 jA ^_jlj__)2l l_u£j2I 14 


Special Structures 4^.UJI db£j2l 

111 jTjljjJI J ‘ <"*' +- Jk Lists ^jljjjlli ‘list 4 -ajli ^L^aliaJI 4 cj.a-N.a ^.auiT) Prolog ^-jljjjll 

J)j*jj-a (jjj jajill (J-aVi 4cjUll JJC. 4dlallj ‘[ ] 4jjliJI 4»n.-ilb 4cjlall 4-ojlall ‘^jljall oJa 3lull 4-aTlLa 


. [bach, bee] [apples, oranges, grapes]:4ilb Jlla ‘41^.12 

program components g-aUjJI 4^Ujl4(B) 

L»j3j ‘Cjlijlill (jdj 4a!4*Jl Vnu^ll ‘rules (jjiljail jl predicates Cjl.Vnu^ll ax.ja-\a _^a ^4j_>4I 

: ^121 ^2il 2-°lj_)2l dillj2-o 

Subject jp^djJI Sentence 4 U 2 JI Predicate duuJI Clause SjUJl . 

Predicates & Clause dl,Viu>2lj SjUJI . 

Unit Clause od^ljll SjLxll : 4 . ^il -s 411^ . 

Queries dljlddVI . 
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Subject Sentence 41aJI Predicate aLumII Clause ajludl 

grammatically-related t_i£JI ^IJ J tlpclj 4 JLjIJa1I CjUKII <> ^ : Clause JJI 

JS cWiia ‘Sentence 4±aJI *Lu CjIjUJI dUlSj t J&\ jl Sjbc. Predicate uj%s ‘Words 

l^ya jl Ilia 4j *1 > .-bj £-_jjJ3_ja]Ij t Vnu-allj Subject r^\\ la& jjjjjfLa i^ya 4lal£Lll 4laJI jjJjjj ‘ J£l jl ojbc. 4 l-a^ 

. (jc. IjbaJ Vim-alli t4lajl 4jc. tbi.Wn 

"cows eat grass" i /Xi la.bc. :JlLa 
eat grass ^a 4na.allj tcows \ ^ya jjbj C 5 ^ ‘Djbc. oIa 

"cows eating grass are visible from highway" ajUJI : j±J\ JHa 
la IIaj ‘"are visible from the highway" HouJI ^>j ‘"cows eating grass" ^-j^aJI <> 4ijLa ‘<* b Sjbc. <>Ia 

.“Lab Jia bl (J5l'aj 
Predicates & Clause ulalu^lj ajUdl 

I _jA ojb*U Jdl (JSailli ‘ JSI jl ajbc. (j-o Vnu-all jjjSLj b.lc.l_jis 

<left-hand-side> :- <right-hand-side> 

Jl i—uLaJlj t"goal" ui^ll cs -<u J u ^.j i_s^a ^ LHS j! left-hand-side jlJI Jl i-ulaJI J 

* ajiA > 4 1,-ilaj I g nj (J^aaj i ijiA ^ya J£l jl * s-ia (j^ jjalu tRHS jl i^t"i-\I jl . right - hand—side^jjAjll 

i_jjSJ ^Jajj Jbll JSbdlj ‘"(jl J 1 */ jl "(jt£ III" Jadjj _>Jls ‘ jlJI Jl (J ‘ i~igII "sub—goals ^^cj 

:4jql>iall 4-s^aJI ajbaJI 


head 


pred ( functor(varl, var2)) 




body 


pred(varl) , pred(var2) 
v__ J \ _ J 


"literal 


literal 


clause 

Jjil (_pa*J ‘aJ4^».a 4-2^a_)j 4jtil 4 il-YYI JJYI (J 4 'Xa-all dlljbiJI (Jllaj ‘Jlull (J^.uiSI jJ Literals (JL ~l i .Jj 

.“liSjaa. (Jijlui jl (“LublJ 4 jali jl t 4 iqi'q-'s jl t 4 ^kj^k. ^-i jl^c .1 jjb l^ia dlljbiiJI 

4_Jbll “Labll ojbaJI I (Jlla 

grand_parent (X, Z) :- parent(X, Y), parent(Y, Z). 
parent (X, Y) :- mother(X, Y). 
parent (X, Y) :- father(X, Y). 

Interpretation JbJI 

LHS J i_j.J| ujJ^a “Lajj jjb Vj i LHS ajbaJI jLuy J 1 - - ‘-j^JI (J iaJJI uJa 4.^)3 JJiab 4ajbbl SjlJI 

..Vi.uui.ll (jJjj ."i—ub-a" RHS ajbxll (jiaJ Jc- JcJll ( _ si JiA'if I jj-o ^ i_ljaa Jj3 Cul£ 4jlv J YJ i"i_Jjb-a" 

. JjL -!3 J 3 YI Jc. 4 jljbc. (j-a oia.lj CulS lij bjL*a 

.Z J 'j'_5 ; Y _^Aj X aSIj (jt^ HI Z i^i'iiiII Ijia. 
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(X is parent of Y) (Y is parent of Z) 

x -^ y-z 

-^ 

(X is grand parent of Z) 

• JjVl <j*aJI yJtjJI JUI t father v_J j' mother ^1 LI J\ JLIj Jill parent aIILI jx-iiSj 

(X is parent of Y) 

X-> y 

-^ 

(X is mother of Y) 

. l_ll : ( _ r il!i]l Ajunllj Llj aJILI jAuifll Jj Lj3j 

(X is parent of Y) 

x -> y 

-^ 


(X is father of Y) 

special Case A^-aLi, aJU - Unit Clause SjUJI 

jj -1 g V- AjiaJi jj t. CjlS^lfr lig -nIjj Lo-lic. “_llja*a]l JajLl JjjUl (JllLaJI CjIjJc. (jc. ‘ ql'iVi ojljc. Jk 

.fact AiiiarJI jl oA^I_jll ojLtllj AiIajLlI JJC. AajL-aall OljljaJI ^.auij 

:A_JaJi]l JJC. dASXsdl ^Jc. JIlLo 

:A*j^a]b ^Jj_JI (jjAj AjjLsa ojtjc- jk ‘'X' is the father of 'Y' ijiLJI <Jj*JI 

father(X, Y) :- true. 

Goal i _ L$JI t-jlja-a tY J t_)l X (jlj AiCX*JI jxuij Lai mn jl ‘A_uLa Lajlj ^_A Y J X (jjj AiCX*JI (jU j * nq'ij 

;<ajUI jl SjlaJI SjIjC. (jc- jm"ill JLluuI Ai-L-a ^Jj_JIj tLjlj JqVnj ^Jj__)JI l-y.a.'u jl Ltklj True 

father(X, Y). 

.AiLu i. v^ll LjII ejs ." true " SjLaJI JsIj qJj t“n-s 

Queries u^luil^VI 

. Iji , ,.a" , ,t jail ^0 a iJ aII aILJIj ‘directive 1$ j-n ji Jaa. jl cjljLc- jk ^JjjJI a*J js CjljLiiLaiYI 

.d]|jlj*JI eA Icjla LHS ajLJI jLuu <JaJII JjJij L)^ ‘Clauses djIjLc. dllg ^jp]l jn»’i 4_i.lc.l_ja]l Aia.UI 

: (JLo 

? - grandparent(Q, Z). 

lijjLdl 11rX tijl£ j >atj a^LLoiYI IL 

Who is a grandparent of Z ? 


www.myreaders.info/html/artificial_intelligence.html jc. Lii ^13 Jl .J jIjc.1 q * t^ UkL yi e l£jJI ^Jc. Jl J^a* 















99 - 


(j_j£j JjjLaJI (JtLall 4„n,niHj cllla^ljdl <a^.!A_l ^3 (jaiuijj jji Jjlau tQ (jc. Cj'jI t aq i t mV ' JjUolj 

:^Lc 

(X is grand parent of Z) 

(jjsljjj t jli«q*iimV 1 a V’lgll (jl juu ^laJJI tfailure (JJaall jl Success ^Laall (jl La] jLauiiiJVI jqTi 4 -Njm 

^3 (jjjljillj jjjlard lilij £a (JiH Y tjLuiiluiVI js i—sIjiaVI (jl J»j (Jaiallj 4£t-aljJI (jjjlallj (jjlaaJI £-a 

Programming Paradigms a^jJI ^'SuA\ 
ill jic-ljallj t^gjlnn*sV' (J,A.i'a.,i <^-ajj]l Ail] a a.^ij jA aModels of Computation a_Jm-%H ^iLaj jl 

.<*111 (JSLi Jill (JJiLall allljlijc-lj t<j]VASIj 

Models of Computation j^UJ! ^jUiSI 

CjloLaxll j)-a <1 uituil (jjjiaj _jA Computation a_iLuiaJI LalUa 4 aliljLaaJlj Jill j)-a Ax.^a-\ .a jA 4 ia" i*\V 1 ji 

: 4.u.aL.al 4-J nn-sl ^iLaj 4 j!Aj lilljAj 4 (_gJ.I “UajS ^^Jc. Value <aj3 (Jc. 

.. Logic Jlv ^ ll ^ Ja.ill (c) t Functional JJJI ^ JuSI (b) t Imperative^LaV'j igyti I ^Jull (a) 

: (j_ 1 .ag a [j±i^Ajj (jja. Jaj lilliA Aa^jJ 4 ailli ^Jl AjLUalj 

.. object-oriented programming 4 jl£l! J^aJI Jaj concurrent (b) t jualjJI £ JaJI(a) 

. jjLui^JI ^iLaJI 4_uaAl (Jj f l .uLa (J 1 .ag ’XI 44_Uxjad j}J^C^>aJ Luu] (jjjlAj 

Imperative Model ^Lu&l jl ^Vl 

£t-aj (jjfLu 4 “n-s 4 “ULaJI ailij (JjJbtal jVna'i JLLua Operation 4_iLaC. ijAj State “Uli. ^ja jJjj (j. u)L.uV' ^ JaJI 

. OVL2I (j-o J-iC. (J J«j La£ 4jxaj^Jlj 4 (j-a 4.L.aL.a (j-a ^ jj-aill 

.Y := 2 * X + 3 : JSuiSb JrXn a t y = 2 x + 3 JksJI <!WU 4 Linear function JkiJi a1\i\\ jZL Jlia 

4. n,a lib ^AiLa 4‘LaJJall AJLaJI (jc. a "iVi-s'i ^gjll oJbAaJI AJL^JI pLijl ^ (j-aj 4aJA^-all AJLxll ^ X A_aj3 \i3Vi\l a^ iU-i’ii j 

; AJLaJI (jjSo 4<AjLaa]l A ;]-ts1I AJjIxaII 

New State: X = 3, Y = 9 

(j-a (J*aj 4^-aljJI ASLu ^5-^1 ^hardware a_±L^all jlaaJI ^gJI a^jj^a ^.uiLjiY' -^LS 

.execution time WA I aiij J] 

Functional model (jiolajll 

4(_£ji.l (JljJ ^-a 2 -aJu jl ^g.AMi .1 ^3 Jlj^llj 4 (Jlj^ll allLLaCj 4 (Jlj^llj qa As.j)a~\ a ^ja <iau^ j^ajll (jjSj 

Ajl j' in*\II <oLa*Jla 4^t-aljj]l 'ijlclj 1^j3 all!)Lal*-a j! alj!A •s,’l^ < s Jlj^ ia^l tgjfLaJj 

.o^a ^j 3 ^gic. “UC ^aij (jjjWi LS & Computations jl 

•f (x) = 2 * x + 3 : Ji^JL a] IjS ajj*^ J j,Laj t y = 2x + 3 :<2L3I Linear function ajU<\\ 3JWI Jli» 

:Sysl2l l-i jh '11 Igjj 4 jU\l a a.^< jj “GjL A^oj 3 <a!Xc. ^gjk 4 Circumference 1 -ij-s ^11 A-aja jbAau JlLa 
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Circumference = 2 x pi x radius , where pi = 3.14 

^41 j 'UqM i_s. -i■ jjio 4 Lj 1 -i i*s -all ^i-a»'ilj 

Circumference(radius) = 2 x pi x radius , where pi = 3.14 

.(JjLuiaJ! (Jak Igj jaJJ 0^C-la£ Cjl44i=u-aYIj Ig.at.^o i"iK/ii'lj 40.1c. ^C. A iqjhjll ^iLoill CjjjlaJ 41 

Logic Model 

4 ^Is^LlSI ^^Ic. t ^ = , a L'.nl' (JV4 joiVIj Cll44*JI ^^Ic. (_g4 in's II ^at-i'41 ^j^aill 

i^jlvsll (Jlj 4 l (j-o (Jl 4 a 

IlJSuillj 1 g 1/Wn ^ajij (ji (jfLaJ y = 2x + 3 4 iItsII 41141 

f (X , Y) if Y is 2 * X + 3 

,y j X Qu 4 £ 1 *J! 41141 dula Ua 

:Circumference i=u^4l 4*4 Wi Jlla 
: A aj i, ,-ilb ^j_j*ill IllA A Jlaj SjjI 4I 4;^.* i_jLuia^ 

Circle (R , C) if Pi = 3.14 and C = 2 * pi * R 

. 0 JaJ^-allj R ^>441 l a ..Vi 4 iC 4 c. 41141 CjjlSi liAj 
: Penelope uj^iiuj Socrates 4 ljiLu) *14 iii^j 414 * 4 ^a ‘‘‘ ** jii 4 i* 414 * <c*j 314 a 

^>*41 4£ ^jl jA (jjjlallj 1 4 jj 4 u (jj^ ^A alla* 41 <i 44 li £ *■. Jjliuj 4 lj 4 ) ^lc (441 ^lj - £** 1^)31 

■A 

for all X, if X is human then X is mortal. 

- A jt-L^allj (jjjli -l_jOkj (_yaljj 3 VI A. ■ >»*' 4 4 _]_jlilJj 4 Ij 4 i a 14 ^Ic- 4-^ *' ^ 41 j 

mortal (Y) 

i jA 441*41 (jjla 41 ^j 3 \ 4 * 1 I 4^. 4 ij 

human (Socrates) 
mortal (X) if human (X) 

:^a 41^4 *14 CjLuV 4 uLo 4 I Cj 14 ** 1 Ij 4~ 1 mortal (Y) 4 jL4 I t _j-a_)ill ^.loLL** 4L_j^iiijj 41^4 ^Ic. ^ 441 j 


1. (a) 

2 . 

3 

4.(a) 

4. (b) 

5. 

6 . 


human(Socrates) 
mortal(X) if human(X) 
“'mortal(Y) 

X = Y 
"'human(Y) 

Y = Socrates 
Contradiction 


Fact 

Rule 

assumption 

from 2 & 3 by unification and modus tollens 
from 1 and 4 by unification 
5, 4b, and 1 

41IjiJ : SjL* 1I J4 j44l 
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. (jli X jli X CjjlS. lil . X (J£L1 ^ .^nljl (JjlLall (jc. tjjli jliJI JS iSjIjsiSI JlLaj ^jUII jin * nil 

. JaljjSlS t-U jluj (. Ii3 ^Ic. J n II CjULula ... Jl i_a' > ,-i - jJUl J-n . .11 

tinodus tollens JU ±u^}\ (jjlii ^l.iVnuL CjLuI tdiHiillj jUIl (jjjlnmll j# ^llUml ja |b j a| JJI JauJI 

. UULk JaJJI ji (_p3ji]l (jjSj (^11.YU tldiaLi. (jjjlill ^B ^ImUVI (jlS. lil 4jl ^Jc. ( ) »~1 J (_£ill 

JS i\"l (JjVI jln*.;ll £a (b) £jlj]l jin * nl'j (JaaUI In mil (jl .laj tillijj t<-ajall (jailj 1 Ag 1 j/J (jl.*|n,"ii Y j X (jjjjiliAll 

. (jU JalJLmS tilli jJc-j t(_JjJaJ Jaljluo * _SJ_)*j A-A tCOnthadiCtiOnS LiJaSbu 

^l.’l's'nulj t4 *..Sr. (_paj]l 1 In**. CjLuV t(_pa9lu]l Aja^j (jc- t“ 1 **. i_i (_£i]l JJ.Vi* uV I (j_jjlii ^l.iViml U& jJj (jl I~i*sV 

. lA^ualjc. 4 jLaj <3jxa 1 CjljUaJI (jjj JjUaII 
4_UjHdl dlljlnll ^C.lj3 J ^ASHai ^i_jAi]l li&j t‘La,'|-s'~nn^\l j i.a gill CjUIaC. Logic IT10d6l (jliAall ^.Jaj (jl 

.expert systems s^kJl JJIj relational data bases 

Forward versus Backward Reasoning JlaJI jAutiill Jjlia ^L&l jauUHI 

I 1 **. .>ij' laS t JJ.Vi i ill iJ) 0 *aj t (jjl A**. II j)A ‘tx-jA'N aj t(jjjljail j)A <Cj) a** a (jA (jojljill ^Jc. * 1 a"i».a.II ^1 In ill 4 jjIaxa (jjSlil 
tJjSAll (jjjljall ^ya Ac. ja-s a tl^jliiLil (j^AJ Jill to.lJ.iadl (_3j\ias_5l lUIuuSI JJ nil ill oi& ^B ^laaJij tUolui tdli 

JkJl , \nqil l jb JUIlj forward chaining ^AJj\ m/gil l jb JjVI :Saj^. 4ij*-a j-tuV q-S^^j l«%>^ 

.backward chaining 

.\gq; Ini ^^1 (jjjljall (jc. t"in. ill (jjjli^Jlj liujj tdiliLuILj o^laallj Uiajl ^■xu.iuj : Forward chaining ^^aLoVI \\iYill 
^1 jyjljall (jc. t <aLii£V U yll ojUll l^ajl cs -<uajj :Backward chaining ^gl-kll ^Jdl 

■ t^ lllnll lilli <jla.] ^c. ^C-laij 

Control Knowledge Aija-dU 

~ ~ j laA t iHjIj^aII ( n^Vlllj t JSUmJI (Jo*. ^B <A,in." 111l ^|| <jj3(_all A » i_iln t_Li-aajJ t A J In ~1 a illiljj^A t (jA <AAjjl_^kJI (jj£jj 

^•slll l^jlj (_3 In ~i a II (_^jIaj <AAjjl_jiJI : (jl Jjij I^J tig mq'i <3 jxaII ^l.i-s'nul 4»jiln lu^atJ A In mljj t<IluutH (Ja* 4 j'V filjilmj 

: jl 

Algorithm = Logic + Control 

t<OAjjl _jadl oe. US ^ UUa jjjj (->Sn.'ill (_gj in.xi laiu t<AAjjljSdl a »jjln JAaaj logic component (jin iaII -a 

(jA *1 n.. >,|j CjIjUc. tilLaJ djlc-lj.^ill oIa Ai.1 (jjSj tCjl i!a»II (JaSo t^gl'I-k a (jjlaj 4_iAjjl_jiJI <C-Uaa 3 (jlSA^llJ 

IgJ (^_>^l 4x.l_n.-i (j_jSj 13 j. (jin iaII in. a 4j^.U (jA ta.Vg* a 4JLaa (_Ja*. A ;-s nljUml (. <ilnjj lg iSI t alniAll (_gjin.^|| 4ja.l 

• A lg m <SLuia (Ja. 4 _i-*_i'iIj!1uj_I i—alajj 4jSl t.Vq» A (jlnlA (_gjp-NA 
_jjj»‘i (jj^J (^1 t4_iAjjljidl (_gln ia j__i_j'i (jjlg ^nS*s‘ill (_gj'in. a (jxuiaaj 4 In * u ja t IjIja j * nVn (jl (jS»aJ 4_iAjjl_jiJI o«. USj 
.logic (_jiaiAllj Control ^Sa*oll (jjj J.^ngll ^11 OljUdl lc.lj3 ^B Ac Jj tdljAj tig *.q'i 4AAjjl_j^JI 4» i_iln 
4 j1I !^C- tola^ljll 4jtill ^Sn.~illj (jin iaII ^ajjaII -lla_i t"i_in> t^SVilIj (jIn~i aII (jjj (j__)ij V j^jdl 4^A_>dl ClUj 
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.13 4 j^uUa 1I ^.'n.-all V qx>H jl (jUudll luhVI <ij_}* 1I a^Lall (jfr alrajll 

. ^.\x.a 1-g-l *•'uJtj& o.li.lj <a!S -lau 

La-a t<a3_pJI ‘Laiajlill ^a LjIjjsI (jlS-aLH J^3 (_L*aL/Lj La£ <LasJI CjLalfa a_ujjp 
. LLaal... i» all ^glc. (Jji<-i*allj jj^Jall ^g3 <jj» i<o ^ in aj _L 
i ^r g i,all (J.uiL.u‘.il A n^rs ii <Jj_J ljia a_jl * Ij £jjJa]^a ^3 a-jl^-aaV 1 ( £ 

. lg .><» i ^3 Jjjjkillj Clljiall (_pa*-J a Vw ^gjsuaa 

1$jOjIsI ^.Ic. gjjj-iiil jl t j.'U.-i.aH ^gi ^aJc. a^ inai <lal£ sjaS a Q-nI liLiSk.! 

. Ji-aVl £jLk -liij jl ^uJajJ (jl j)£-aJ La <aLjal 
tJiA LMj 4<iLui “Lu^C. aljLljS ^gj o^jjj La] (j}3j ^jj ^U-n.-i.aH jLiiaJ ("t 

. 4 i, ,''L 

aliijflL/1 £-a to^a (Jjl yj^Ja Aic. ^gj^aJl jiaLiAll ^ n'sVI gll-n.-i.all (_pajC. (V 

L_alLau V Laj Luljaic. jiaLaAll gU-., y,A\ jg Ln ljLii.lj tlAJbta “Luj*!! “LaaajjlL 

.^ n~sL/1 g-a ojx (Jjl ^gj^xll gU-n.-i.al' jjjg Li ajjjaia 
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